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Waste is as damnable as Yo] ole) celel- 


Electrical and mechanical design are the foundation of our military production. Small individy® 
savings, when multiplied in mass production, add up to large savings in critical materials and labo, 


time. Here are some examples from our organization: 


Sumulative electrical and mechanical redesign 
iced the quantity of critical materials in this 
é 60%, reduced total size and weight in direct 
‘ Bortion. 


sii 


Through proper mechanical redesign, the Weigr 
and volume of this unit were halved, yet the sam 
mounting centers were maintained for fie 
placements. 


his application employed three of our Ouncer 

| . By combining the three in one case, we 
nin inated two aluminum housings, four terminals, 
pterminal strips, etc. 


qe 


iron alloy used in this filter by 50% ... the me ini 
redesign eliminated a dozen brass brackets and sere 
and cut installation time one-half hour. 


USTED TRANSFORMER CC. 





THE MEN WHO 
LICKED THE JAPS 
IN NEW GUINEA! 


.. and they do an excellent job of it, too, against almost 
insurmountable obstacles. When there is a chance for a few 


moments off duty, a Hallicrafters short wave radio is the means 


of hearing voices from ‘back home’’ and a very welcome 





sound indeed. This is only one of the many wartime uses of 


Hallicrafters short wave radio communications equipment. 


hallicratters 


CHICAGO, U.S.A 


Hallicrafters Model S-29 (illustrated). A 
completely self-contained portable short 
wave communications receiver. 
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Simplify sound pickup problems 

in studio and remote broadcasting 

with the Shure Broadcast Super-Cardioid 
Microphone. Its pickup pattern 

rejects 73% of all reverberation and random 
noise energy. It is highly immune to me- 
chanical vibration and wind noises. 

These features insure clear penetrating 
signals. Use a Shure Super-Cardioid 


for better performance. 





SHURE REACTANCE SLIDE RU 
i in resonant fre- 
Offers quick, easy solutions of aye pos vob 


din circuits involving in 
aed pews frequency range from 5 c.p.8. to a 
MC Send 10c in coin or stamps to cover handling. 
SHURE BROTHERS, Devt. 174U 225 W. Huron St., Chicage 


Designers and Manufacturers of Microphones and Acoustic Devices 
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COAXIAL VS. WAVEGUIDE 


IN A PAPER RECENTLY presented by 
G. C. Southworth, and reviewed in # 
March issue of the Bell Laboratory 
Record, some interesting comparisq 
were made between the coaxial caff 
and the waveguide at various frequé 
cies. F 
Compared from the standpoint 

attenuation losses, it is pointed out, tf 
coaxial is better at the lower frequeg 
cies; but in the microwave regiga 
which has assumed great importang 
the waveguide has decided advantage 
However, below a certain frequencys 
about 3x 109 for the waveguide—the 
waveguide cuts off abruptly, as show 
in the accompying illustration. 
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10) to! io! 
FREQUENCY IN CYCLES PER SECOND 


The illustration gives comparison @ 
attenuations of a %-inch coaxial,’ 
| 3-inch coaxial, and a 3-inch waveguide 
| Curves B’ and B” show respectively 
| the loss due to resistance alone, and® 
| dielectric alone,. for the 3-inch coaxial 


* 
| “SPIRAL-4” 


ONE OF THE Most effective aids 
modern warfare is rapid and depent 

| able communications. The success # 
an engagement may depend on estab 
lishing lines to advanced positions # 

| minimum time. To aid the Signal Com 
| in such work, the Western Electtt 
Company and Bell Telephone Labort 

| tories have recently made available# 
| new communications system known # 
“Spiral-4.” 

| The basic idea behind Spiral-4 % 
| borrowed from carrier telephony. Tht 
system provides three telephone afl 
| four telegraph circuits over a. singl 
rubber-covered cable about the thicl 
[Continued on page § 
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"SHORT ORDERS" IN A HURRY 






If,it's a ‘‘Rush’’ phone us, and your order for special 





crystals will go into work immediately under a com- 






ison of 
xial, @ petent crystal engineer personally charged with the 





reguide responsibility for your project. 






ccm Our full facilities, including latest electrical and 
and t0 


coaxial 






optical equipment, X-ray orientation, etc.—are at your 
service. John Meck Crystals are ‘Good Will Ambassa- 
dors of the Future’’ to acquaint you with our Family of 








Activities in the field of Sound and its Projection. That's 






aids i why “Short Orders in a Hurry’’ are welcome 
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OH XOPOIIM 
OHM SAMEYATEJbHbI 


Don’t speak Russian? Then let us translate the 
words of a Russian General to an American 
War Correspondent: 


“THEY’RE GOOD... 
THEY’RE EXCELLENT!” 


You see, the Correspondent had just remarked 
upon the number of “Connecticut” field tele- 
phones in use by the famed Cossack Cavalry. ¢ 
Like many an American industry, our reputation 
for know-how rests today on the performance of 
our products in the service of the United Nations, 
all around the world. : » » When we can again 
freely solicit your patronage, there will be no tes- 
timonial to which we shall point with greater pride 
than the commendation of the fighting Russians. 


CONNECTICUT TELEPHONE & ELECTRIC DIVISION 


EAT 
MERICAN 
NOUSTRIES 


MERIDEN, CONNECTICUT 


© 1943 Great American Industries, Inc., Meriden, Conn. 
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| payed off a moving Army truck. Wit 


TECHNIGANA 


[Continued from page 6] 





ness of a fat lead pencil. The cable 
contains four spiralling wires. Hence, 
the name. It is made in quarter-mile 
lengths, the ends of which are fitted 
with weather-proof connectors, Each 
length may be snapped to a companigg 
section as rapidly as the cable can be 






intermediate amplifiers spaced alog 
the way to compensate for loss in 
strength of the current, distances upp 
150 miles may be so spanned. 
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INVISIBLE “RAINCOAT” 


AN INVISIBLE “RAINCOAT” which can be 
formed on cloth, paper and many other 


materials by exposing them to chemi. | 


cal vapors from a new compound, 


thereby making them water-repellent, 


has been developed in General Elec. 
tric’s Research Laboratory at Schenec. 
tady, N. Y., by Dr. Winton I. Patnode 
who is studying many possible uses of 
this new method of water-proofing. 

Called Dri-Film by the G. E. Elee- 
tronics Department which will market 
the new compound, one of its most 
important uses so far is the treatment 
of ceramic insulators for radio equip- 
ment being made for the armed forces 
of the United States. It is about nine 
times more effective than the wax used 
at present as a water repellent, and its 
results are permanent. 

Dri-Film is a clear liquid composed 


| of various chemicals which vaporize at 


APRIL, 


a temperature below 100 C. Articles to 


be treated are exposed, in a closed cabi- | 
net, to the vapors for a few minutes. | 


Then they are taken out and, if neces- 


[Continued on page 10| 


‘‘Dri-Film’’ treated paper sheds water 
like duck. Its results are permanent. 
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AVAILABLE for 


prompt shipment 


FULLY PROVED 


| (Ms. and tested to meet exact- 
rem 7. ing specifications on land, 


Electrolytic Capacitors 
that are meeting with 


Gay “ \ AY at sea, and in the air 











1 Can be 
Ly Other 
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“=| MANDLE T 
»pellent, 
ae TICS 
chenec. th SPR A 
Patnode wi 
uses of Th F 
fing. ; : and many more. They fly. 
~ Elec. F anki we're looking for the people, _ r.f. impedance, hd h 
martial ys ‘vili who “don’t like elece They swim. They even sit unused for months 
military or Civilian, the flick of a 
S most , d are still ready to go at 
. aboutthem, but an 
-atment trolytics”. We keep hearing ; be sealed as well as any 
: : When we | switch. They can be 
 Cqup- never quite catch up with them. d they’re adaptable to 
| forces , : argue. We simply condenser type—and they’r Pp 
an =i ing aie aliemantiia in many designs and combinations, from the 
1X used want to find out wha h here right 
, . : tal base types shown he 8 
and its i to them—in electrolytic popular oc , 
need, then give it h ay be required. 
: i long the line to whatever may q 
hat can be delivered almost in a 
mposed capacitors t x B pee PECIALTIES COMPANY 
rrize at ime it takes to arrange priorities on SPRAGUE S 
ida to =“ — __ oF North Adams, Mass. 
yer: certain other types. 
Linutes, Actually, Electrolytics have far more than | SP RA a 
ae small size and light weight to recommend GUE ELECTROLYTIC: i 
“a ton They meet all specifications: salt-air, for P ORTABLE EQUIPMENT! 
reduced pressure, reduced and elevated yo those Who question the use of | ; 
Ss rs 
temperatures, transients, reversed voltage, Find “ Portable “quipment, we jae 
vow Govenar ae of paper natn 
é . 1S as bj i 
GET THE PROOF! — Pur your capacitor problem up The. vee a te frequency rho ioe 
a to Sprague engineers. Let them prove that Sprague to get rid of ae we you are trying 
Electrolytics will do your job — and do it right. voltage ranges... then , - cycles), and the 
You'll be unable to d 
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. ISTORS 
MANUFACTURERS OF A COMPLETE LINE OF RADIO AND INDUSTRIAL CAPACITORS AND KOOLOHM RES 
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“TELL "EM WE COULDN’T DO WITHOUT 
THE PARTS THEY’RE GIVING UP” 


"Yeah, the folks back home are help- 
ing us plenty by giving up those radio 
and communication parts. See—over 
those hills! There’s a bridge there. 
We just bombed hell out of it—cutting 
off an enemy tank column. With 
inadequate communications, we 
couldn't have done it!” 


OMMUNICATIONS are vital in 
this war of rapid movement— 
where success demands “co-ordi- 
nation” of widely dispersed units. 


When a swift PT boat gets its 
radio orders to torpedo an enemy 
transport ... when a bomber 
drops its eggs over a submarine 
base... when an allied tank col- 
umn, keeping in contact by radio, 
speeds over Sahara’s sands...Utah 
Parts are playing their role in this 
war of communications. 


Soldiers of production build de- 
pendability into those parts at 
the Utah factory. Utah engineers 
plan it in the laboratories ... as 
they pore over blueprints far into 
the night. 


Constantly, research is going on 
at Utah... new and better methods 
of production are being developed 
..-to help keep the ears of the armed 
forces open. Tomorrow—when 
peace comes—this research and 
experience will be reflected in the 
many Civilian products being 
planned at the Utah Laboratories. 
Utah Radio Products Company, 
846 Orleans Street, Chicago, III. 
Canadian Office: 560 King Street 
West, Toronto. In Argentine: 
UCOA Radio Products Co., SRL, 
Buenos Aires. Cable Address: 
UTARADIO, Chicago. 








PARTS FOR RADIO, ELECTRICAL AND 
ELECTRONIC DEVICES, INCLUDING 
SPEAKERS, TRANSFORMERS, VIBRATORS, 
UTAH-CARTER PARTS, ELECTRIC MOTORS 
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[Continued from page 8] 


sary, are exposed to ammonia Vapor 
This is to neutralize corrosive acids 
which may collect during treatment, 

Dr. Patnode is not able to explain | 
exactly what happens in the process 
but the result is that an extremely thin 
film is formed on the surface. This 
“raincoat” is so thin that its structure 
cannot be determined by chemical ap. 
alysis. It cannot be seen under a high. 
powered microscope. But, whatever jts 
nature, it prevents water from spread. 
ing to form a continuous film. If mois. 
ture does collect, it is in the form of 
small isolated drops. 

G. E. Research Laboratory tests 
show the wide difference in the water. 
repellent characteristics of ceramic 
surfaces when glazed or treated with 
wax, and with the new compound, 
These tests were made under condi- 
tions of temperature and _ humidity 
similar to those met by military fons 
in service from the arctic to the 
tropics. Tests of surface ho 


————— 





were made on a number of closely con. 
trolled specimens which had been sub- 
jected to the condition of 100 per cent | 
relative humidity at 25 C. with the cer 
amic parts precooled below the dew } 
point. A value of 100 was arbitrarily } 
assigned to the surface resistivity 01 
unglazed ceramics that had been treat- | 
ed with wax. On the same basis of | 
evaluation, parts treated with Dri-Film } 
were found to have a surface resis- | 
tivity of 870. 


és | 


THERMAL RADIO SLAYS BUGS 


As RECORDED IN The Ohmite News, a 
new and very valuable use for high 
frequency heating may result from te- 
search now being conducted for the 
purpose of preventing a $250,000,00 
yearly stored grain loss due to insects 
In the experiment the grain was passed 
between two electrodes and subjected 
to an electrostatic field of 3.5 mega 
cycles. In 50 seconds the temperatutt 
of the grain was raised to 130°F. and 
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all four life stages of the insects weft 
killed. 
* 


RADIONICS /ELECTRONICS 


AMERICAN NEWSPAPER AND magaaili 
editors by a ratio of better than ninet 
one, and scientists by more than two ® 
one, prefer “radionics” to “electronics” 
as a name for the industry which has 
grown from the radio tube, according 

[Continued on page 53) 
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way to the era of practical use. Already the electronic 
tube is doing indispensable work on the fighting fronts. 
Athome, it is improving the tools of production, stand- 
ing guard over product quality, speeding up industrial 
operations, and in a hundred other ways aiding in the 
making of more and better fighting equipment. 


But between the electron tube and the “work to be 
done” there is a gap to be bridged. The tiny electronic currents 
must be captured, controlled, and put to useful work. Here is where 
Automatic Electric relays and stepping switches do their part— 
completing the link between tube and tool. That’s why they’re 
being called the ‘“‘muscles for the miracle of electronics.” 


Today, Automatic Electric field engineers are working with the 
makers of electronic devices in many fields—offering time-saving 
suggestions for the selection of the right apparatus for each job, 
and the benefit of the technique which comes from fifty years of 
experience in remote control applications. 


If you have a control problem—electronic or electrical—be sure 
to get the Automatic Electric catalog of control apparatus. Then, if 
you would like competent help in selecting the exact combination 
for your needs, call in our field engineer. His long experience will 
save you time and money. 


AMERICAN AUTOMATIC ELECTRIC SALES COMPANY 
1033 West Van Buren Street, Chicago, Ill. 


A OTHER CONTROL DEVICES 


CyNUTOMATIC ELECTRIC 












Automatic Electric control devices are working 
with electronic tubes in these typical applications: 


ti 








Detecting and indicating — 
checking operations and re- 


Quality control—auto- vealing unstandard conditions 


matic inspection and 
sorting operations 





Selection and switching 
of signaling and com- 
munication channels 


Automatic or directed 
selection of mechanical 
or electrical operations 





Time, temperature and 
sequence control of in- 
dustrial processes. 


Counting and totaliz- 
ing of mechanical or 
electrical operations 


The Automatic Electric catalog of 
control apparatus is the most com- 
plete reference book on the subject 
ever published. Write for your copy. 











MUSCLES See ror THE MIRACLES OF ELECTRONICS 
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OAKS FROM ACORNS 


The pace of progress in the design of standard u-h-f 
circuits having tunable elements has been materially 
reduced with an increase in frequency and the resultant 
decrease in the physical dimensions of the circuit ele- 
| ments involved. Though it is no engineering feat to 
design, say, an oscillator circuit of this type that will 
| operate in the 100-megacycle region, it is quite a differ- 
ent matter to build into it a stability and accuracy equal 
toor better than that of a crystal-controlled unit. This 
is where the average engineer find himself up against 
}a stone wall. 

That circuits of this nature suitable for mass pro- 
duction can be built, has been demonstrated to us by 
S$, Young White, who has devoted some years to re- 
search in this field. Working around the acorn tube, 
which is particularly adaptable to such circuits, he has 
developed tunable units as steady as an oak and with a 
precision unusual at such high frequencies. 

Mr. White’s experience in u-h-f design has brought 
forth some interesting conclusions. For one thing, it 
would seem that the application of engineering predic- 
tion in design work at these high frequencies serves 
only to lead the engineer into blind alleys, and there 
remains the necessity of throwing overboard the en- 
gineering axioms of the past and making entirely new 
approaches to the problems involved. And, where no 
engineering groundwork exists upon which to proceed, 
the engineer is forced to revert to the trial and error 
method of research. 

It would also seem that the radio engineer seriously 
involved in the design of u-h-f equipment for frequen- 
cies of 100 megacycles and above, must learn a new 
trade. Physical dimensions of circuit elements become 
so minute and yet play such an important role in the 
determination of electrical characteristics, that the de- 
signer requires the knowledge of an expert machinist 
if he is to make any substantial progress. In the de- 
velopment of such equipment, wherein many circuit ele- 
ments are purely imaginary and precision must fall 
inthe realm of physical structure, a high degree of me- 
chanical ingenuity is a prime requisite. 

Moreover, since tunable circuits designed for oper- 
ation at such high frequencies must be developed as an 
entity, it would seem that engineering collaboration 
must also be dispensed with, and the work placed into 
the hands of one man. The usual procedure of calling 
in the tube engineer, the coil engineer and the condenser 
engineer does not appear to be an appropriate approach 
to the subject, for the circuit elements at these high fre- 
quencies become inseparable and cannot be designed 
apart from the other elements. In this realm of design, 
more than one cook is apt to spoil the broth. 
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The fact that tunable circuits for operation in the 
100-megacycle region can be designed to have an ex- 
ceptionally high degree of stability and accuracy is 
interesting, and would suggest that they can be built 
for much higher frequencies; but what is particularly 
encouraging is the fact that these units can be produced 
in large quantities and at comparatively low cost. This 
fact alone will have a definite effect on post-war mar- 
kets. 


FINE WIRE DELIVERIES 


* Manufacturers of resistors and fine wire, used in 
military radio, have been urged to place orders quickly 
for fine wire in a recent letter by S. K. Wolf, Chief of 
the Resources Branch of the Radio Division, War Pro- 
duction Board. 

Mr. Wolf pointed out that while orders for many 
sizes of fine wire are being delayed, the wire producers 
are working below capacity. He stated that facilities 
for producing some sizes have not been completed so 
that complaints of slow deliveries may be justified. He 
urged those who are experiencing difficulty in the de- 
livery of fine wire .002 or smaller to seek the direct 
assistance of the Resources Branch. Report for each 
order the name of the supplier, purchase order number, 
size, quantity, description, delivery date promised and 
date required. 


SCORPION 


* A favorite story of Parlor Pinks is the one about 
the storage-battery patent that was shelved because the 
battery itself was so revolutionary that it would have 
put the big battery companies out of business. More 
convincing, though not necessarily more logical, is the 
one about the oil companies discouraging the develop- 
ment of Diesel engines for autos because their use 
would leave said oil companies with a host of useless 
cracking plants on their hands. 

But tales of this sort do serve to demonstrate the im- 
pact of technological advancement on the status quo. 
A new invention can displace an entire industry ; an ad- 
vancement in one field provides the mechanism for the 
invasion of another field; and above it all, workers are 
displaced and must learn new trades. 

A curious sidelight, and one which we believe has no 
parallel, is the case of an industry that, through its own 
efforts can jeopardize its own interests. For there re- 
mains a strong possibility that, should home recording 
be advanced to the point where it can compete in qual- 
ity, convenience and processing cost with factory-pro- 
duced phoriograph records, then the industry to which 
both are accountable will have, like the scorpion, stung 
itself with its own tail—M. L. M. 
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MAKERS OF THE FINEST 


“Survivors sighted . 
- 


Through the blue comes the message that 
tells men in the air what to do. . . where to 
go. These messages must not, cannot, fail, 
for the whole operation of our Army and 
Navy Air Forces depends upon the vital 
artery, Communications. 


Streamlined for this most exacting job, ROLA 
is devoting all of its facilities and its energies 
to the production of wartime electronic equip- 
ment — transformers, headsets, choke coils, 
and related devices. And, thanks to its long 
experience in this field, ROLA has been able 
to develop machines and methods to speed 








. proceed to rescue” 


production, prevent spoilage and improve per- 
formance ... all to the end of better communi- 
cations for our fighters in the air. 


Today, all these developments belong to the 
War Effort. Later, we are confident, they will 
be of great significance in the field of peace- 


time Electronics. a 

Rola has done an outstanding job, both as prime contractor, 
and as subcontractor for other manufacturers and it can 
further utilize its expanded plant equipment, its increased 
knowledge and skill, in the War Effort. If you have a subcon- 
tracting problem, we suggest you write us, or ask our repre- 
sentative to call. THE ROLA COMPANY, INC, 2530 


Superior Avenue, Cleveland, Obio. 


-ROLA, 
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The measurement of circuit losses is 
hasic one. In the post-war period the 
hf communication bands between 50 
tnd 500 megacycles will undoubtedly 
‘ome into wide use, and the engineer 
fe be prepared for accurate meas- 


| 


rement in this region. 


0 MEASUREMENTS AT U. Wl F. 


S. YOUNG WHITE 


Consulting Engineer 


applied to a vacuum-tube voltmeter cir- 
cuit including the meter M2, calibrated 
directly in Q. In operation, the oscil- 
lator is adjusted to the desired fre- 
quency, the current through R1 is de- 
termined, the coil under test is brought 
to resonance with the oscillaator fre- 





1e Fig. 1. Representative Q-meter circuit. 


There are a number of methods of 
e- Q determination in use at the lower 
tadio frequencies that offer difficulties 
if directly applied to u-h-f circuits. 


r, Other methods must be devised. The 

nm purpose of this article is to present a 

d simplified approach to the problem, to- 

1- gether with a few remarks relating to 

e- the problems involved in attempting to 

0 extend the range of operation of the 
standard Q meter into the u-h-f region. 
i Standard Q Meter 


A representative Q-meter circuit is 
shown in Fig. 1. The calibrated oscilla- 
tor drives a circuit containing the coil 
under test. Ly, in series with which is 
the resistor R1, having a value in the 
neighborhood of 0.050 ohm. The coil 
istuned to the frequency of the oscil- 
lator by means of condenser C1, and 
the current through R1 is measured by 
eter M1. By virtue of the resonant 
action of the circuit, the known volt- 
age that appears across R1/ is increased 
by a factor directly proportional to cir- 
ut Q. The voltage so developed is 














*" APRIL, 1943 


oO 
oO 


MICROAMPERES 
wo 
on 


wo 
Oo 


SURRENT 


FREQUENCY ——> 






quency, as indicated by a maximum 
reading of meter M2, and the Q direct- 
ly read from the meter scale. 

In the case of a routine Q measure- 
ment on a broadcast-band coil, this type 
of Q meter is extremely reliable and 
accurate. Since the coil will contain 
many feet of wire, extension leads sev- 
eral inches long will have negligible ef- 
fect on the accuracy of the Q reading. 
The inductance of the coil will be sev- 
eral hundred microhenries, and the r-f 
resistance somewhere in the neighbor- 
hood of 3000 milliohms. The measure- 
ment frequency may be something like 
1 mc, and the Q of the coil 100-or so. 

Under these circumstances the 50- 
milliohm value of the series resistor 
R1 is inconsequential in relation to the 
3000-milliohm coil value. Moreover, at 
the low frequency of 1 megacycle, the 
vacuum-tube voltmeter operates well 
with almost no circuit loading; and the 





Fig. 2. Illustrating grid-dip method of determining Q and resonant frequency. 
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+150 V. 


Fig. 3. Absorption-type Q-measuring circuit composed of oscillator and d-c amplifier. 


length of the wiring inside the meter 
is likewise swamped by the (compara- 
tively) large r-f resistance of the coil. 
Lastly, the resistor RJ can be readily 
designed to offer almost pure resistance 
at the low radio frequencies involved. 

Now let us consider a Q measure- 
ment at 150 mec rather than 1 mc. As- 
sume the coil to be something on the 
order of 3 turns of No. 14 copper wire 
with an inside diameter of about 3%”, 
and about the same length. Its d-c re- 
sistance will be approximately one mil- 
liohm, but its r-f resistance at 150 mc 
will be 40 milliohms or less. 

The, situation is now altogether dif- 
ferent. The meter M1 will have some 
effect on the circuit; the value of R1 
will be too large in relation to 40 milli- 
ohms to provide an accurate reading; 
and the vacuum-tube voltmeter will 
present a heavy load at 150 mc. The 
value of R1 will therefore have to be 
reduced to about 1 milliohm, and main- 
tained as a pure resistance, and be- 
cause of its low value it will be neces- 
sary to pass several amperes through 
it in order to obtain a reasonable 
voltage drop as a provision for usable 
readings on M2 in the vacuum-tube 
voltmeter circuit. Since the vacuum- 
tube voltmeter presents a heavy load 
at such frequencies, it introduces con- 
siderable loss into a high-Q circuit, 
with the result that the Q is seriously 
lowered, Though it is possible to com- 
pute a correction factor, calculations at 
these frequencies are, on the whole; un- 
reliable. 


The situation is further deteriorated 
by the fact that the 150-mc coil con- 
tains, altogether, only several inches of 
wire. Hence, the internal wiring of the 
Q meter becomes a large part of the to- 
tal inductance under measurement. 
Moreover, there is so little wire con- 
stituting the coil proper that it is im- 





possible to add lead lengths for the 
purpose of connecting it to the Q- 
meter binding posts, without adding to 
the inductance of the coil and its losses. 
If an attempt is made to connect the 
coil directly to the binding posts, and 
thus bring it close to these points, the 
eddy currents set up in the binding 
posts will seriously increase the coil 
losses, and serve also to change its in- 
ductance. This latter difficulty cannot 
be remedied by using less massive bind- 
ing posts, for large contact areas are 


CHANGES IN Q AND F BY 














we bring up the familiar grid-dip meth 
od of determining the frequency of 
tuned circuit. The dip can be maj 
more or less pronounced by altering tf 
degree of coupling between the os¢j 
tor and the tuned circuit. And, in fg 
lowing this procedure, we have al 
plotted the resonance curve of the cir 
cuit under investigation, which is 
function of the Q of the circuit. 

The advantages are obvious: Sing 
both the resonant frequency and th 
Q of the tuned circuit under test ¢; 
be measured by merely coupling th 
unit to an oscillator, the inherent draw 
backs of the standard-type Q meter 
ultra-high frequencies are altogethe 
eliminated. Moreover, the Q of th 
tuned circuit may be accurately meas} 
ured as a unit, apart from other cis 
cuit elements, and re-measured a 
as circuit elements are added to fo 
an operative assembly. 


Practical Example 


The generalized circuit of the a 
sorption-type Q meter is shown in Fig 
3. The tuned circuit TCy represen 
the unit under test. Assuming the Q 
meter oscillator to be accurately cali 
brated, we can determine the Q of TC 
and also its resonant frequency, fi 
entirely disassociated from other cir 
cuit elements and subsequently with th 
addition of circuit elements. 

A representative test carried out 
the author involved the use of TCy 


ADDITION OF COMPONENTS 





Condition 

Unit in air 

Unit in set 

Socket added 

Grid leak added 
Tube added (dead) 
Coupled to mixer 
Oscillating 


Q Frequent 
690 142,300 
425 143,800 
420 143,200 
365 143,10 
350 139,780 
335 139,520 
— 139,58 } 





required to keep the contact resistance 
well below one milliohm ; otherwise the 
additional resistance of these two 
joints in series with the coil, will cause 
a false reading. 

Some of the foregoing difficulties 
can be overcome by proper design, but 
a few of the drawbacks are inescap- 
able. It is preferable to attack the com- 
plete problem from a different angle. 


Grid-Dip Method 


It is common knowledge that when a 
cuned circuit is coupled to an oscillator, 
some power will be drawn from the 
oscillator at the resonant frequency of 
the tuned circuit. If, as in Fig. 2, we 
plot the grid current of the oscillator 
in the vicinity of the resonant fre- 
quency of the tuned circuit under test, 


the tuned circuit in the oscillator of% 
u-h-f superheterodyne, employing 4 
955 acorn as the oscillator tube. Meas 
urement of the tuned circuit in air it 
dicated a Q of 690 and a resonant frt; 
quency of 142,360 ke. Progressiv 
measurements, with circuit element 
added, provided a complete and ve 
informative set of figures showing th 
effect of each change. This data } 
given in the accompanying table as 
matter of interest. 

Data of this nature is of value to i 
design engineer in a number of wa 
as, for instance, in determining the st 
bility of an oscillator under voltag 
temperature and humidity changes. | 
the case cited, examination of the tal 
shows that the frequency rises 1440} 
[Continued on page 
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4 MISMATORING IN COAXIAL LINES 


thich jg 

uit. 

US: Sines 

y and th 

r test cay 

upling th V. J. YOUNG 
rent draw. 

) meter , 

altogeth 

Q of th 


tely meas ioe , 
other gl * 10 the transmission of very high 


red agai frequency electrical energy through 
d to fo metallic conductors, we are concerned 

with three distinct types of losses. 

They are, (1) radiation, (2) a heat- 

ing of the conductor due to its finite 
f£ the ah, tesistance through which currents flow, 
wn in Fig and (3) a loss due to mismatching of 
represen the line either at the source or at the 
ng the Q load. The third type is perhaps the 
ately cali) hardest to understand and if the line 
QO of TC, is not. perfectly uniform along its 
ency, fir length, additional mismatching may 





other cir occur in the line itself. Fig. 3. Addition of sine waves. The sum of any two out-of-phase waves of the same fre- 
If we wish to connect an electric quency is in general another sine wave of intermediate phase. The voint here is that any 

, current or voltage which can be represented by C, can equally well be thought of as being two 

toaster or a vacuum cleaner to a 60- currents or voltages represented by A and B. Sine wave A plus sine wave B equals sine wave C. 


cycle, 110-volt line, we use what we 


may call a constant-voltage line. We 
do not concern ourselves about the 
characteristic impedance of the con- 
necting cord. The speed of the cur- 
rent is so great that in the 120th of a 
second necessary for the polarity to 
reverse, the charge can travel an 
enormous distance as compared to the 
length of the cord. Every point on 
each conductor is at the same poten- 
tial at any instant. The currents in 
the lines are always equal and opposite. 
If the two wires are close together, 





DISTANCE ALONG LINE -——————> 
CURRENT IN CENTER WIRE 








ator of4 practically no net magnetic field ever 
loying 4 surrounds the pair. The capacity be- 
ye. Meas} tween the leads is small enough to 
in: air i exert very little influence at such low 
nant fre; frequencies. 
ogressi With coaxial line used for a high 
elemen enough frequency so that the line is 
and ve oensiil mane vine more than a wavelength long, the sit- 
wing th CURRENT IN SHIELO uation is quite different. We then 
; data ee usually talk about the characteristic 
able as impedance of the line and say that 
we should match both the source and 
lue to the load to that impedance. In princi- 
of wa ple we can see how to do this directly 
y the sta by using, for example, transformers 
volt : DISTANCE ALONG LINE—————> both at the load and source ends. If, 
anges, | VOLTAGE ACROSS LINE then, the transformers are perfectly 
the ta adjustable and we can fix them so that 
; 1440 a maximum of power is drawn from 
page # Fig. 1. Currents and voltages in a matched coaxial line for a sine-wave input. ‘the source through one transformer 
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tion on a given current flow, we wif 
find our eyes moving along the lin 
from left to right. This is true of 
both the center conductor and th 
shield. The current wave moves dow 
both wires from the source to th 


! 
load. By looking at the curves in Fig 
1 in the order ty, t,, tg, etc., the pro 
Time pagation of the current wave can 


visualized. 

Similarly voltage waves are im 
pressed on the line. A given voltage! 
is at a certain instant applied to th 
line at the source. Successive sections 
of the line in turn come to this voltage 
only to continue on to the next voltage 
dictated by the source. 





MATCHED LINE 





! 
! 
iF | 


Phase Relations 





We next ask about the phase of 
these three sinusoidal waves which we 
visualize as traveling along the line} ma 
In doing so we must note that in draw-} yo] 
ing these curves of Fig. 1, we really} as 
have in mind only one possible mode of} fy 
propagation. If we were to consider 
CT higher modes at this point we would 
\j TE \YJ J need to draw the curves quite differ 
ently. Fortunately for the simplicity 
of this discussion, it turns out that 
only this principal mode is of any 
importance when the diameter of the} 
coaxial shield is sensibly smaller than 
into the line and made available out of ie. &. Come Aaah coaxial line a wavelength. Such a diameter is 4 
the other transformer, then we have the load are plotted as a function of convenient one for most applications. 
obtained perfect matching to the line, time. Their product represents power. The current waves must remaif 
the source, and the load. If, with this just 180 degrees out of phase. If they 
arrangement, the line is broken at any 
point, the measured impedance will be 
the characteristic impedance and will 
be found to be the same in either di- 
rection. This seems reasonable since 
we know that maximum electrical en- 


ergy is always fed from one device to i 
another when the impedances are 
equal. 
Current Propagation 

In Fig. 1 is shown plots of current 
in the shield and center wire and the 
voltage across the coaxial line as a 
function of distance along the line. 


The curves marked with zero sub- 
scripts represent the situation at some 
arbitrary time at which we make our 
first plots. The subscripts 1, 2, 3, then 


represent a perfectly matched line at 
respectively very short times later. The 
two current curves have been plotted 
out of phase since it is in general ap- 
parent that A will receive a positive 
charge from the source transformer 


when B receives a negative charge, 
and vice versa. The current will vary 
with time and reverse polarity 2f times 
per second. Thus, if at some instant 
we focus our attention on a point on 


the wire, the direction and magnitude Fig. 4. “A” shows the voltage waves in a mismatched line. V, is associated with the flow 

2 be of energy to the load while V, represents energy reflected back from the load to the 
of the current changes with time. On source. In “B” the same line condition is represented. Here V, has been replaced by V,, 
the other hand if we focus our atten- and V,, whose sum is always equal to V,. V,, represents net flow of energy to the load. 








COMPLETELY MISMATCHED LINE 





— > V,— TRANSMITTED WAVE — REFLECTED WAVE 





Se 


i as STANDING -WAVE PORTION OF TRANSMITTED WAVE 


ee oe i eg ee eed 





ELE 





scour REST OF TRANSMITTED WAVE r— REFLECTED WAVE 


tt 


18 APRIL, 1943 * [RADIg 








, we wil 
the ling 
» true of 
and th 
ves dow 
e to the 
es in Fig, 
the pro- 
e can be 


are 


phase of 
which we 
the line 


in draw. 


im 
Nn voltage! 
2d to the 
= sections 
is Voltage 
ct voltage 






were otherwise, then at some time in 
the cycle current would be flowing 
into the load on both the center con- 
ductor and the shield. This in turn 
would require, during that interval, a 
charging up of the load with respect 
to the source and hence assumes an 
external capacity coupling of the load 
and source. This, of course, does not 
exist. 

The two other possibilities for 
change in the curves of Fig. 1 with a 
specified frequency and input ampli- 
tude are a change of phase between 
voltage and current, and a progressive 
loss of amplitude of the waves as they 
move along the wire. These turn out 
to respectively represent mismatch and 
dissipative loss in the line. 





Effect of Mismatch 


To demonstrate the effect of mis- 
match let us look at Fig. 2. Here the 
voltage and current curves are drawn 























Fig. 6. A stub-supported concentric line. The stub supports are examples 
of perfectly mismatched lines. When properly adjusted they can be made 
to have practically no effect on a given frequency in the main line. 


two mismatched cases. Also drawn in 
each case is a third curve representing 
their product. Since we know that the 
instantaneous product of voltage and 
current is the instantaneous power, 
this third curve represents power. The 
positive lobes represent energy brought 
to the load while the negative lobes 
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as they appear across the load as a 
function of time for one matched and 


represent energy fed from the load 
back to the source Thus, the useful 
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Fig. 7. In some cases it is possible to 
match a load to a coaxial line by the 
use of a matching stub. The stub is 
terminated as a perfect mismatch and 
is adjusted in length so that its reflected 
wave cancels the reflection from the load. 
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NOICZ power for the load is the average dif- 
: a at ference between these two. This type 
of power loss is said to be non-dis- 
sipative, since the energy lost is not 
used up in heat but rather is fed back 
into the source. Inspection shows us 
that this loss becomes less and less as 
the phase angle between voltage and 
current becomes nearer to zero. Hence, 
a perfectly matched system is one in 
which there is no phase difference. 
The greater the mismatch the greater 
the phase angle. 

Unfortunately this physical picture 
of what happens with a mismatched 
line is not one that makes for easy 
measurement. We cannot in general 
easily measure the amount of power 
traveling in each direction. As it hap- 
pens, it is much easier to make meas- 
urements on the voltage wave, as will 
be explained later on. To understand 
how we should interpret this we must 
look further at our method of repre- 
senting the voltage across the line. 

In Fig. 1 we have shown the volt- 5 
age as a sinusoidal wave traveling 
from the source to the load. In the 
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Fig. 5. The first four sketches represent “snapshots” of V,, and V, as they travel past each other. In 
the top line the two waves happen to be just in phase. In the second line V,. has moved to the right 
and V_ to the left. In the third Iine these motions have progressed further so that the two waves are 


flow out of * ‘ : ss ® ¢ e 

phase. In the fourth line still greater progression is indicated. V. is, in each case, the sum a : $ a : 
+ “s V,, and V. and, of course, represents the voltag2 actually on the line by reason of these two waves. mismatched case, — ener. flow cs 
sae "the bottom line these sums have been redrawn on a single base line to show how voltage varies with time. [ Continued on page 50} 5 
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PHASE AND FREQUENCY MODULATION 


PART 3 


* Generators of frequency-modulated 
signals which are in general use fall 
in one class. The fundamental circuit 
arrangement is a self-excited oscilla- 
tor whose frequency is shifted in ac- 
cordance with the modulation by vary- 
ing either the inductance or capacitance 
in the frequency determining circuit. 
One method of accomplishing this is 
to have the vibrating diaphragm or 
other sound pick-up mechanism operate 
directly on the tuning capacity to vary 
it in accordance with the modulating 
sound and hence modulate the fre- 
quency of the self-excited oscillator. 
Practical applications of this method 
may be made by using an ordinary con- 
denser microphone as all or a portion 
of the tuning capacity in the self-ex- 
cited oscillator. Similar applications 
have been made in phonograph pickups. 

The use of mechanical methods of 
varying capacity or inductance have 
many disadvantages from the stand- 
point of broadcast applications. The 
principal one is, of course, that each 
sound pick-up device must have its own 


W. P. BOLLINGER 


RCA Victor Division 
Radio Corporation of America 


oscillator and since this oscillator de- 
termines the frequency of the fre- 
quency modulation station, prohibitive 
considerations would have to be given 
to each sound pick-up device 
ciated with the transmitter. 


asso- 


Reactance-Tube Modulator 


The solution to this problem lies in 
the use of a circuit commonly called 
the reactance tube. The fundamental 
circuit of the reactance tube is shown 
in Fig. 16-A. The generator E repre- 
sents the voltage across which the cir- 
cuit is to represent a reactance. This 
voltage is fed both to the plate of the 
tube and to the grid through the com- 
bination of C and R. The value of C is 
chosen such that at the frequency of E, 
its reactance is much greater than the 
resistance of Rk. Therefore, the voltage 
applied to the grid leads that applied to 
the plate by about 90°. Since the plate 
current is nearly proportional to the 
grid voltage, a large component of the 
plate current leads the plate voltage 
by 90°. The tube then represents 
a. capacity whose value may _ be 
varied by: varying the effect the grid 
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Fig. 16. Explanatory and typical circuit of re- 
actance-tube frequency modulation generator. 
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Fig. 17. Two methods of sta- 
bilizing the mid frequency of 
a reactance-tube modulator. 


has on the plate current, that is, by 
varying the transconductance. The 
transconductance of a tube is depend 
ent on the grid bias, so in Fig. 16-4 
the capacitive reactance of the circut 
may be varied by varying the value of 
E,. If then, as in Fig. 16-B, the modu 
lating voltage is placed in series with 
the grid return of the reactance tube, 
and if this reactance tube is placed 
across the tuned circuit of a self-ex 
cited oscillator, a practical frequency 
modulation generator will be produced 
If desired, the modulating voltage may 
be introduced into a second control 
grid using a tube similar to a 6SA7 a 
the reactance tube. Other modifice 
tions are possible; for example, the 
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phase-shifting capacitor, C, may be re- 
placed by an inductance of equal re- 
actance, in which case the tube will 
present an inductive rather than capaci- 
tive lead. 


Stabilization Systems 


As would be expected, the principal 
disadvantage of the reactance tube 
' modulating a self-excited oscillator is 
that the center frequency of the fre- 
frequency-modulated transmitter is de- 
pendent on the stability of a self-ex- 
cited oscillator. Although this is a 
serious drawback, many methods have 
been devised for causing the overall 
circuit to be self-correcting for changes 
in the oscillator frequency. 

One method of correction, shown in 
block form in Fig. 17-A, is to feed the 
output of the frequency-modulated 
transmitter to a discriminator whose 
output is filtered to exclude the audio 
components. From this circuit, then, 
there is obtained a d.c. voltage whose 
magnitude and polarity represents the 
magnitude and direction in which the 
mid-frequency of the frequency-modu- 
lated transmitter differs from the cen- 
ter frequency of the discriminator. If 
then, this voltage is fed with the proper 
polarity to the control circuits of the 
reactance tube, the mid-frequency of 
the oscillator will be shifted in the di- 
rection toward the tuned frequency of 
the discriminator. Any external influ- 
ence which then tends to change the 
frequency of the oscillator will be 
counteracted by a control voltage from 
the discriminator which, when applied 
to the reactance tube, tends to bring 
the frequency back to its original value. 
The efficiency of the circuit can be 
greatly increased by the introduction 
of a frequency converter before the 
discriminator, as shown in Fig. 17-B. 
This converter lowers the mid-fre- 
quency of the frequency-modulated 
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Fig. 18. Vector representation of method of phase modulation. 


modulated signal. The vector C repre- 
sents the carrier while the vectors S, 
and S, represent the two sidebands. 
Since the sidebands lie on either side 
of the carrier, they must be rotating 
with respect to the carrier, one in one 
direction and the other in the opposite 
direction, as indicated in the figure. 
Since the sideband vectors pass each 
other when they are in line with the 
carrier vector, the horizontal compo- 
nents of the sideband vectors cancel 
each other leaving for the sum of all 
the vectors only a vertical vector of 
oscillating magnitude. 

Let us now consider the results if 
the sideband vectors are shifted 90° 
with respect to the carrier so that they 
now pass each other at the 90° position 
instead of in line with the carrier vec- 
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Fig. 19. Balanced reactance-tube phase-modulation generator. 


signal while maintaining the same de- 
viation. Hence, any small change of 
mid-frequency is greatly magnified in 
percentage by the converter making 
for a more stable circuit. The lower 
the mid-frequency output from the 
converter, the more nearly the mid- 
frequency of the frequency-modulated 
oscillator is dependent on the fre- 
quency of the crystal oscillator driving 
the converter. Hence, the crystal os- 
cillator frequency is usually very near 
the mid-frequency of the output of the 
transmitter, making for a highly stable 
circuit. 


Phase-Shift Methods 


Phase-modulated signals can be pro- 
duced in a great many ways, many of 
which are suitable for the phase-modu- 
lated transmitter. One of the early 
systems, which gained use in what are 
now the commercial frequency modu- 
lation stations, employs a rather com- 
plicated circuit whose method of oper- 
ation can be explained by reference 
to Fig. 18-A. In this figure is shown a 
vector representation of an amplitude- 
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Fig. 20. Two R-C circuits 
for obtaining phase shift. 
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Fig. 21. A tuned phase-shift circuit, and its characteristics. 


tor as shown in Fig. 18-B. The ver- 
tical components of the sideband vec- 
tors now cancel each other, leaving 
only a horizontal vector of varying 
magnitude and direction, as indicated 
by S,. If this resultant is added to the 
carrier vector the new resultant, R, 
will be a vector which oscillates back 
and forth through an angle @ and hence 
represents a phase-modulated signal so 
long as the angle @ is small. If 9 be- 
comes too large, it is no longer pro- 
portional to the amplitude of the side- 
band components and hence distortion 
will result. 


Phase-Modulation Generator 


It is then possible to produce a phase- 
modulated signal by separating the side- 
bands from an amplitude-modulated 
signal, shifting either the sidebands or 
the carrier by 90°, and recombining the 
two again. This can be accomplished 
as shown in the diagram of Fig. 19. 
A signal, such as from a crystal oscil- 
lator, is fed to two channels, one a 90° 
phase-shift circuit and the other a bal- 
anced modulator. This balanced modu- 
lator when fed the r-f signal and the 
modulating signal produces only the 
sidebands, the carrier being eliminated 
by virtue of a balancing action. The 
sidebands and the 90° shifted carrier 
are then recombined in a mixer, the 
output being a phase-modulated signal. 
In the circuit shown, V1 and V2 com- 
prise the balanced modulator, while ”3 
is the mixer. 


R-C Circuits 


Since phase-modulation generators 
have a distinct advantage in that the 
mid-frequency may be obtained directly 
from a crystal oscillator, they have 
found wide application. Hence, simpler 
circuits than the one described above 
have been devised. 

One form of phase shifter is shown 
in Fig. 20-A. In the range where the 
reactance of the capacitor is equal to 
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about the resonant frequency of th 
tuned circuit the phase shift is faj 
linear and considerable deviation can }. 
obtained before distortion is intro. 
duced. However, as indicated, the am. 
plitude varies considerably over this 
range and: provisions must be made for 
eliminating this variation. The varia. 
tion in capacity can be obtained by ug 
of the reactance tube previously djs. 
cussed and connected as shown in Fig, 
22. The main tuning capacity is ¢ 
while the small variation in capacity jg} Proble 
provided by the reactance tube, V2, | 1, a5$ 

In Fig. 23-A is shown still another} betwe 
circuit which has several advantage| # 5¢ 
over the others described. If L-C form} b-n-1 
a tuned circuit which is resonant at \/2l quem 


; the lc 





Soluti 





vi 




















a i. 




















v2 
S.7e . 
arm 
= Also 
5 i Or 
By 
mone Im 
T. with 
7 i = B AUDIO 
: SS (INPUT 
oy "3 _ 





Fig. 22. Tuned circuit phase modulator in which 
reactance-tube provides variation 


the resistance, fairly large changes in 
phase shift can be obtained by varying 
either component. If, then, the value 
of, say, the resistance, were varied in 
accordance with the modulation signal, 
a phase-modulated output would be ob- 
tained. The value of the resistance can 
be varied by substituting for it the plate 
resistance of a vacuum tube and vary- 
ing this plate resistance by controlling 
the bias. 

Such a circuit is shown in Fig. 20-B. 
The capacitor C1 and the plate resist- 
ance of the tube form the phase-shift- 
ing circuit while C2 and L1 comprise 
the output coupling. The chief disad- 
vantages of this circuit are that only 
small phase deviations may be obtained 
without distortion, and that the output 
amplitude varies considerably with 
phase shift. 


Tuned Phase Shifter 


Some of the disadvantages of the 
simple R-C phase-shift circuit can be 
eliminated by the use of an L-C reson- 
ant circuit, as in Fig. 21-A. If the 
value of the capacity, C is varied, the 
output voltage will vary in phase and 
amplitude, as shown in Fig. 21-B. At 
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Fig. 23A. Improved reactance- 
tube phase-shift circuit. 


times, the frequency of the signal volt 
age, some interesting effects are ob I 
tained. The most important of these 1s 
that regardless of the value of R tht 
impedance of the combination of R and 
L in parallel with C is a constant. The - 
output voltage is then also a constatt 
value regardless of R, but as R is ve 
ried, the phase varies, as shown if 
Fig. 23-B. Then, by substituting for R 

[Continued on page 40] 
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BRIDGE-CIRCUIT CURRENT 


Problem: Jn the bridge circuit of Fig. 
1, assume there is mutual inductance 
between the two coils such that a-b-n-m 
is series aiding, and that each arm 
b-n-m and b-a-m is resonant at the fre- 
quency of E. Find the current through 
the load (indicator mesh). 


Solution : 
If each arm is resonant, then: 
Zi = 0(L+M), Zo = 1/0C 

where: M is mutual inductance between 
arm ab and arm mn. 
Also: o(L+M) = 1/C 
Or w(L+M)C = 1 

By Thevenin’s Theorem* we have: 
Impedance looking back into network 
with E short-circuited is: 





Fig. 1. A bridge circuit in which it is 
assumed that there is mutual induct- 
ance between the two coils. 


2Z1Z¢ 
Z = —— (see Fig, 2) 
(21+2Zc) 
Zt Ze 
E’ — 


a ee eer ee 
Zy—Zo 


E 
Z1+Zc 


where: is the open-circuit voltage 
across terminals mn with Ze disconnected. 


E’ (Z1—Zc) 








E (see Fig. 3) 


B= — 
Z+Ze (2Z1+Zc) 








(Z1+Zc) 
2Z21Z0+Z2(Z1+Zc) 





—_— 


*Thevenin’s Theorem, page 23, Octo- 
ber, 1942. 
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But Z, = —Zc, whence Z1+Zo = 0 
Z1—Zo 2ZcE E E 

-E= _— 
2Z1Z¢ 2Z¢7 Zo Zi 
But Z; = o(L+M) = 1/eC 


Then Jz = 











Fig. 2. Expression of the circuit shown 

in Fig. 1, with impedance looking 

back into the network with E short- 
circuited. 


Whence: 





(1) 





Fig. 3. Another expression of the 

bridge circuit of Fig, 1, wherein E’ is 

the open-circuit voltage across ter- 
minals mn with Zr disconnected. 


omitting signs for imaginary quantities. 
From (1) we find that the Jp, the 
current through the load or indicator 
is independent of the magnitude of 
phase of Zp. Whence we have a con- 








stant current circuit in which the cur- 
rent through the load is dependent only 
on the applied voltage and on the re- 
active arms of the bridge. 


* 


EXPRESSION FOR COS*O 


Problem: Derive an expression for 
cos%@ in terms. of multiple angles, that 
is harmonics of 6. 


Solution: From Euler’s Theorem we 
have: 
eib-+-e—1 ; ; 
cos 6=: ————_—_- — i ei9+-e—s8 


where j = V—1 
and e = 2.7183 which is the base of 
Naperian logarithms. 


Whence: 
1 | N 
cos7é = — cei] 
y 


Expanding by the binomial theorem 
we have: 





1 
cos”é = — [evict avecst— + 
Qn 
N(N—1) N(N—1) (N—2) 
e(N—4)j0 4. 
2 3X2 


e(N—6)i04., rd (1) 
If N = 2 we have: 
cos’@ = % [e219 + 2¢° +- e—2i4] 


But e°=1 
e218 hb e—230 
s- cose — +] 


io 4 cos 20+-34 
And if N = 3 we have: 
cos’@ = ¥% [¢319+3¢i+3¢—i0-+- e—3i0] 


e3i6+-e—3i6 e9-+-e—I0 
ee 


= % cos 30+ 3% cos 8 
Likewise, if N = 4 we have: 
cos*é = 1/16 


[e4i#-+4020-4 Ger 4e—2il+ e—4i0] 
cid e—4i0 e2i0-+ p—2jo 
fs 


4 6 
= ES re 
8 





Thus, by substituting in (1) which is 
[Continued on page 24] 
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the desired expression, we find: 


1 1 
cos’ @==~ cos 20 + - 
2 2 


= 


3 
cos’ 6 = — cos 36 +- - cos 0 
4 


1 4 6 
cos* @ = — cos 40 -+- — cos 26 +- - 
8 8 8 


5 10 


cos’ 6 = — cos 50 + — cos 36 +- — cos @ | 
16 16 16 


1 6 

cos® @ = — cos 6@ + — 
32 32 

15 20 

cos 46 +- — cos 26 + 

32 32 


1 7 21 
cos’ @ = — cos 76 +- — cos 56 + — 
64 64 4 

3 


cos 30 -+- — cos @ 
64 


1 8 32 

cos* @ = — cos 86 -+- — cos 60 + — 
128 128 128 

56 70 

cos 46 -+- —— cos 20 4+ —— 

128 128 


1 9 36 
cos’ @ = —— cos 96 -++- — cos 76 +- — 
256 256 256 
84 126 
cos 50 -++- — cos 30 -+- — cos 6 
256 256 


10 45 
cos” @ == — cos 100 +- — cos 8@ + —— 
512 1 


- 512 

120 210 126 

cos 66 +- —— cos 46 -+- —— cos 2@ -+- — 
512 512 512 


In similar fashion, it may be shown 
that: 
cos 3@ = 4 cos*@ — 3 cos @ 


cos 48 = 8 cos*@ — 8 cos"é +- 1 


| cos 80 = 128 cos*@ - 


| of two vector quantities. 


| rent of the attenuator be b. 
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| cos 56 = 5 cos’@ — 20 cos’@ + 16 cos 


cos 66 = 32 cos? — 


48 cos‘@ -+- 18 cos’?@ — 1 

cos 78 = 64 cos’@ — 112 cos’é@ +- 
56 cos*®@ — 7 cos 0 

- 256 cos*@ +- 
160 cos*@ — 32 cos*@ +- 1 


cos 96 = 256 cos*@ — 576 cos'@ -+- 
432 cos*@ — 120 cos*@ + 9 cos @ 


CALCULATING PHASE DIFFERENCE 


Problem: Phase differences can be 
measured in a number of different 
ways, one of which is to compare the 
magnitudes of the sum and difference 
Before the 
cathode-ray oscilloscope came into gen- 
eral usage, the circuit shown in Fig. 1 
was sometimes used for this purpose. 

Establish the relation between the 
sum and difference currents out of the 
network and attenuator which permits 
calculation of phase difference. 

Solution: [Let it be required to deter- 
mine the phase shift in the unknown 
network, i.e., between input and output 
currents. Let the output current of 
the network be a. Let the output cur- 
Let switch 
1 either properly terminate the un- 
known network or connect it to one 
primary of transformer 7, through the 
reversing switch 2. Let switch 3 per- 
form a similar function for Attenuator 
1 without the reversing feature. The 
two primary windings of T are as- 
sumed to be balanced and _ identical. 
Current b can be assumed to be in 
phase with the input current of the un- 
known network. 

If J, is the vector sum of a and b 





Fig. 1. Cirewit by means of which phase differences can be measured. Manner of 
operation and calculations are explained in the accompanying text. 





|? 


and J, their vector difference, then; 


I = @& + b’ + 2ab cos 6 
I? = a -- b? — 2ab cos @ 








I, 


Leta = K,b. 
Then: 
I? =o (K? -}- 1 -|- 2K, cos 6) 
I? — b (K? -L 1 —_ 2K, cos 6) 
Further let J, = Kolo. 





Then: 
I? K?-+-1+-2K, cos 6 
K? —_—- = oO 
I? K+1—2K;, cos 0 
(Ki’+-1) (K:*—1) 
cos 6 = 





2K, (K?-+1) 

If the network attenuates rather than 
amplifies, then a and b can be adjusted 
to equality. 

If a = b, then K, = 1 

K,? —1 

and cos @ = ~ which is the re- 
K,?+ 1 

lation desired. 

In this connection it is interesting 
to note that the phase difference be 
tween the vector sum and vector dif- 
ference of two equal vectors is 7/2. _ 





/ 
~b <--¥----- b 


a is angular difference between suf 
and difference vectors J, and /,. 
@ is the angular difference between 
equal vectors a and b. Obviously /, bi-. 
sects @ and J, bisects (+—@). 


Then: 
(7 — 6) 0 
a+ —— 4+ -=7 
2 2 
or: 2a+7—o0+60=>27 
2a = 7 
a= @/2 
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Echophone Model EC-I- 


(Illustrated) a compact communications receiver 





with every necessary feature for good reception. 
Covers from 550 kc. to 30 mc. on three bands. Elec- 
trical bandspread on all bands. Six tubes. Self: 
contained speaker. Operates on 115-125 volts AC 
or DC. 


ECHOPHONE RADIO CO., 201 EAST 26th ST., CHICAGO, ILLINOIS 
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Use of Transmission Line in Determining | 


ANTENNA CHARACTERISTIC 


* In the practical design and subse- 
quent test and adjustment of u-h-f 
antennas of either the simple dipole 
or the more complex multi-element 
array type, it becomes necessary to 
adjust the antenna so that at the de- 
sired operating frequency the antenna 
will appear as an essentially pure re- 
sistance designed either for loading a 
transmitter or for feeding received 
energy into a receiver. Each antenna 
is designed to have some specific im- 
pedance value at its resonant fre- 
quency, The antenna will usually be 
fed by a coaxial-type transmission line 
having a characteristic impedance 
equal to the antenna impedance at 
resonance, 

In some instances the antenna may 
be designed to have an impedance 
either lower or higher than that of 
the transmission line which is to feed 
it. In such cases a matching arrange- 
ment is usually built into the antenna 
assembly and must also be pre-ad- 
justed by the manufacturer or de- 
signer. 

It lies in inherently good manufac- 
turing design and procedure to ad- 
just all such antennas to the proper 
points as determined by customer’s 
specifications concerning frequency, 
bandwidth, and the characteristic im- 
pedance of the transmission line to 
which the antenna will be coupled. 

It is the purpose of this article to 
clarify the methods used to accom- 
plish the proper adjustments of u-h-f 


OSCAR E. CARLSON 


antennas. The data is applicable to 
antennas for television, frequency 
modulation, and straight communica- 
tions. 

Before going into the actual use of 
a transmission line in determining an- 
tenna characteristics we will deal 
briefly with some transmission-line and 
antenna theory which will aid in the 
clarification of the method to be used. 


Transmission Lines 


In any uniformly constant transmis- 
sion line there are line constants such 
as resistance, capacitance and induct- 
ance, and all are uniformly distributed, 
as shown in Fig. 1. The transmission 
line will therefore offer a certain wave 
resistance which we term the “surge 
impedance” or “characteristic impe- 
dance” of the line. The characteristic 
impedance is expressed as Z, and can, 
in most high-frequency cases, be con- 
sidered as a pure resistance. 


R + jol 
Zo —— ohms 
G + jeC 


where: F is resistance per unit length. 
wl is inductive reactance per unit 
length. 

G is leakage conductance per 
unit length, expressed in 
mhos. 

wC is capacitive susceptance in 
mhos per unit length. 


V L/C ohms, since 
prac- 


This becomes Z, ° 
R and G may be neglected for 
tical lengths of line. 

With an r-f input into a transmission 

















Fig, 1, Line constants of a transmission line. 


26 





line having a certain characteristic jp. 
pedance, no standing waves are on the 
transmission line when the line jg tep. 
minated with a resistance equal to the 
characteristic impedance of that fine 
This is due to the fact that with gueh 
a termination no wave reflection fe. 
sults back along the line from the 
load. 

Since the line is to be used to feed 
energy from a transmitter to an ap 
tenna, or from antenna to receiver, 
maximum power will be transferred 
when Z, = Za. While the amount of 
unbalance as indicated by voltage 
maximum to voltage minimum on the 
transmission line represents some 
power lost, that is not the most in. 
portant factor if the line is short | 
However, such standing waves caus 
considerable difficulty in tuning th 
transmitter since under such condi 
tions the transmitter is feeding into a 
reactive load. 

The transmission-line impedance of 
a coaxial line is given by the formula# 





e 
Le SS 138 logio — 
dD, 
where D, is inner diameter of outer 
conductor. 
D, is outer diameter of inner 
conductor. 


Antennas 

Dipoles of very small diameter have 
more inductance and less capacitance 
per unit length than larger diameter 
dipoles, and therefore have larger Q 
ratios and greater impedance variation 
over a given range of frequencies. In 
short, the reactance of small diametet 
dipoles is greater than that of larget 
diameter dipoles, and inductive. 

The resistive component of the i 
pedance of a half-wave dipole is a 
proximately 73 ohms, but the dipol 
also has 42 ohms of reactance so th 


_* For further discussion, see “Transmis- 
sion Lines as Circuit Elements,” RAanI0, 
March, 1943, page 24. 
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Pioneers in the development of Portable and 
Mobile F-M and A-M Radiotelephone Equip- 
ment, Motorola engineers are today applying 
their accumulated skills and scientific know- 
ledge to solving problems which confront our 
country, its states, counties, cities and towns. 
Housed in a new Engineering Building, with 
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expanded facilities for research and engin- 
eering, the Motorola capacity for vital serv- 
ice is greater than ever. Electronic know- 
ledge thus gained will one day soon be ap- 
plied to the normal peacetime demands of a 
nation eager for better things in all phases 
of its living. 


THE ARMY-NAVY "E’’—Awarded for excellence in the produc- 
tion of Communications Equipment for America’s Armed Forces 
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Fig. 2. Dipole antenna, transmis- 
sion line, and matching stub. 


its actual impedance is 84 ohms. But 
the impedance of the dipole at reson- 
ance is purely resistive since it acts as 
a series-resonant circuit. The impe- 
dance at resonance is resistive and is 
approximately 68 ohms. At resonance 
the dipoles should be 95% of the length 
of a computed half wave since the 
velocity of the wave current within 
the dipoles is less than that in free 
space, which velocity is used to com- 
pute a half wavelength. 

Antenna combinations of other than 
the half-wave dipole type may be de- 
signed with various values of impe- 
dance at resonance. Some commercial 
u-h-f antennas have impedances as low 
as 20 ohms. Others may be consider- 
ably higher. 

To nfatch such antennas, or antenna 
elements of complicated arrays, to a 
transmission line having a character- 
istic impedance other than that of the 
antenna impedance requires a form of 
matching transformer. A _ quarter- 
wave transmission line matching stub 
may be made a part of the transmis- 
sion line between the antenna elements 
to be matched and the feeder trans- 


ot a characteristic impedance deter- 
mined as follows: 


ee — V Zin i. 
where Zin is the transmission-line im- 
pedance. 


Z. is the antenna impedance. 
Z. is the matching-section im- 
pedance. 
Such an arrangement would be as 
shown in Fig. 2. To match a 50-ohm 
line to a 70-ohm antenna would then 









the direction of current flow in gm 
radiating elements, and a dipole radi. 
ates or receives energy—dependi % 


upon whether it is a transmitting ; 
ee 









receiving antenna—in a directinn 
broadside to the antenna. i 

The simplest uni-directional antenns 
is a half-wave dipole with another | 
half-wave dipole mounted an approxi. 
mate quarter. wave behind it. in the 
same plane but not fed by a trang. 
mission line. This arrangement is 
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tional by addition M« 
of a reflector. 
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require a matching stub having a char- 
acteristic impedance of about 60 ohms. 

For satisfactory operation on ultra- 
high frequencies, an antenna should 
offer a termination to a transmission 
line that does not change rapidly with 
frequency variations on either side of 
the operating frequency. To ascertain 
this frequency characteristic, the ratio 
of maximum to minimum voltage on 
the transmission line is measured for 
a number of frequencies on either side 
of the operating frequency. A ratio 
of unity is a perfect match. A ratio of 
1/.666, or 1.5, at the end frequencies 
and 1.25 at center frequency may be 
considered in most cases as a satisfac- 
tory match. 

The aforementioned data holds for 
directional arrays as well as for simple 
dipoles. Directional antennas depend 
on the fact that radio waves are trans- 
verse; that is, the electric force of a 
























































mission line. This section should be radio wave is exerted perpendicular to 
“ANTENNA 
ASSEMBLY: 
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Fig. 4. Antenna test setup, using oscillator and vacuum- 


tube voltmeter, for determining antenna characteristics. 
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shown in Fig. 3. The two sets of ele 
ments shown are “mutually” coupled 
just as the primary and secondary of 
a transformer. The reflector may then 
be considered as a “self-generating” 
antenna. By the time the radiation 
from the reflector reaches the radiator 
dipole it is exactly in phase with the 
resonance current of the forward 
dipole and an increased current flows 
in the forward, or radiator, elements, 
and consequently an increased for- 
ward radiation results. 

Since the radiator current lags the 
inherent reflector current by 90 time 
degrees, or a quarter wavelength, the 
induced reflector current is in phase 
opposition with respect to inherent re- 
flector current and, therefore, tends to 
cancel the inherent reflector current. 
The reflector therefore blocks radia 
tion in a direction away from the 
radiator and adds to the radiation is 
the direction of the radiator elements. 




























Directional Arrays 





There are many types of directional 
arrays which it is not within the scope 
of this article to cover. It will suffice, 
now that some of the fundamentals 
have been detailed, to state that it 
most directional arrays there aft 
chiefly two types. One type has all the 
elements fed in phase and with equal 
currents. The other feeds all the 
ments in phase but provides unequé 
current distribution to the various et 
ments. Thus, by feeding less currefil 
to the side elements of an array, it 
forward radiation is greatly accem 
tuated in a narrow beam. This wh 
equal current distribution is accom 
[Continued on page 
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The electron tube is the dynamic force of the 
future. Today, National Union engineers are doing 
their part in tube research to harness the “dynamite” 
that will usher in the Age of Electronics. Their labo- 
ratories are in the thick of the battle of production. 
In their achievements for war, National Union engi- 
neers are creating new applications of the electronic 
tube, gaining new knowledge and experience for its 
role in the industrial life of the future. When Victory 
is won, they will be ready to create electronic appli- 
cations for your production processes. 


Transmitting Tubes * Cathode Ray Tubes °* Receiving Tubes * 


Special Purpose Tubes * Condensers * Volume Controls * Photo 
Electric Cells * Exciter Lamps * Panel Lamps ° Flashlight Bulbs 


NATIONAL UNION RADIO CORPORATION 


Newark, N. J. Lansdale, Pa. 
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SPOT WELDING 


Infinite care and precision in delicate assem- 
blies are a tradition of National Union manu- 
facture, it takes rigid and expert training as 
well as skilled and nimble fingers to’ perform 
this Spot Welding operation...and to enable it 
to pass the “eagle-eye” test that makes it fit 
for use in National. Union Electronic Tubes. 
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The cornerstone in Eimac’s existence has been their advanced ele@ 
tronic engineering. The development of the gas-free tube, pioneering 
in the use of new materials, radical changes in existing tube design.. 
all these things are the results of their research. During today’s accel# 
lerated business situation Eimac engineers have developed and put 
to work many outstanding innovations. Number one on this list if 
the actual achievement of mass production of a product that hereto 
fore was hand-made in a scientific laboratory. Today the most interesting of th 
other developments must be kept secret but the heads-up engineering is going for# 
ward apace. The services of this organization are available only for war proble 
now but will be offered to industry at large when peace comes. If you have a probs 
lem, the solution to which might involve vacuum tubes, write dence to factorys 


EITEL-McCULLOUGH, INC. + SAN BRUNO, CALIFORNIA 









* Progress conciously planned and pro- 
duced by intelligently directed effort. 
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Fig. 5. Standing waves on a transmission line under various load conditions. 


plished by using different impedance 
transmission lines to tie the outer ele- 
ments to the center elements. By feed- 
ing the outer elements through a higher 
impedance line than the center ele- 
ments and combining the various im- 
pedance lines to one tie point termin- 
ating in a line having the characteristic 
impedance of the line that is to be 
used from the transmitter, the desired 
unequal current distribution will re- 
sult, since in all cases J = E/Z. 


Determining Antenna Characteristics 


We have seen that it is necessary to 
match the antenna impedance to the 
transmission-line impedance. With the 
best of design and closest of manu- 
facturing tolerances, it is nearly im- 
possible to build an antenna that we 
can state has some definite impedance 
which is purely resistive at a desired 
frequency. 

Before attempting to match the im- 
pedances we must determine two 
things; the amount of mismatch, ratic 
of voltage maximum to voltage mini- 
mum and the location of the voltage 
minimum point nearest the load, or 
antenna. To accomplish this we need 
a section of transmission line that has 
the same characteristic impedance as 
the line that the antenna is intended 
to be used with. This section of test 
line should be at least a wavelength 
long and must be either slotted to allow 
the insertion and moving along the line 
of a vacuum-tube voltmeter probe, or 
should have small holes drilled in it at 
one- or two-inch intervals so the probe 
voltmeter can be inserted to measure 
the r-f voltage at various points on 
the line. 
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This section of line is coupled to the 
antenna to be tested either directly or 
in conjunction with another section 
of the same size line, as shown in 
Fig. 4. A low-power oscillator cover- 
ing the frequency that the antenna is 
intended to operate on is needed, as is 
a good wavemeter covering the fre- 
quency range in question. 

With the antenna and equipment 
set up as in Fig. 4 the standing wave 
ratio may be readily checked. Tune 
the oscillator to the operating fre- 
quency that the antenna is designed 
for and slide the vacuum-tube volt- 
meter probe along the slot in the trans- 
mission line. Also measure the stand- 
ing wave ratio at the end frequencies 
of the desired antenna band. 

If the standing wave ratio shows a 
decided mismatch, as indicated by large 
ratio of voltage maximum to voltage 
minimum, place a short circuit across 
the transmission line feeding the an- 
tenna at the point where the antenna 
assembly joins the transmission line. 
Then find the first voltage minimum— 
zero voltage in this case—nearest the 
loaded end of the slotted line. Mark 
this point, as it is the reference for 
later computations. Remove the short 
circuit, and with the voltmeter probe 
locate the new voltage minimum posi- 
tion nearest the load end of the slotted 
line. Fig. 5 shows various conditions 
of voltage ratios on the line for differ- 
ent appearing loads. 

From the above it will be seen that 
if the voltage decreases as the probe 
is moved past the reference point to- 
ward the load, the load appears induc- 
tive. If the voltage minimum with the 
load occurs within one eighth wave- 
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length of the reference point, the load 
impedance is too low. This means that 
the load impedance is lower than the 
characteristic impedance of the ling 
If the voltage increases as the probe 
is moved toward the load at the refer 
ence point, then the load appears 
capacitive. . 

When we have established the char 
acter of the load, or antenna, we cag 
apply corrective measures to counter 
act the impedances that the antenng 
has assumed. Let us say that testy 
show the antenna impedance to be tog 
low, and capacitive. It would then be 
a simple matter to increase the spacing 
of the parallel lines on the antenna, if 
it were so constructed. We could algo 
alter the impedance of the matching 
stub. 

Besides the series arrangement for 
matching, as shown in Fig. 2, shunt 
arrangements are used. A line with 
some given characteristic impedance 
Z, and admittance Y, may be ter 
minated by an antenna having some 
other admittance than Y,. To prevent 
standing waves on the transmission 
feed line to such an antenna we can 
insert a shunt somewhere along the 
line where the conductance G of the 
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Fig. 6. Dipole antenna with 
shunt arrangement for matching, 
using a shorted matching stub. 


line equals the characteristic admit- 
tance Y,. This shunt is composed of a 
shorted line whose shorting point is 
variable so that it may be adjusted to 
have a susceptance B equal and oppo- 
site to the susceptance of the line at 
that point. The resulting admittance 
of the total arrangement is then the 
characteristic admittance, so that 4 
match is obtained. Fig. 6 shows such 
an arrangement. This stub would then 
be tuned so that no standing waves 
resulted on the test transmission line 
For such an arrangement the stub and 
necessary length of line would usually 
be built into the antenna assembly as 
an integral part of the antenna. 
[Continued on page 46] 
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Photograph, courtesy Transcontinental and Western Air, Inc. 


QQQUS EME 


The reliability of Wilcoxcommun- _ peacetime is standing in good 


ications and other radio equipment __ stead for military operations. 

has made them invaluable servants 

of leading commercial airlines. Fie ieee 6 pepeeg eens 
the miracles of flight...and, after 

Now, the entire output of Wilcox — Victory, new Wilcox developments 

factories is going to wartime uses, will be available for the better-to- 


and the experience gained during _ live-in, sane, sensible world ahead. 
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Quality Manufacturing of Radio Equipment 
ee 14TH & CHESTNUT KANSAS CITY, MISSOURI 
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Communication Receivers Airline Radio Equipment 


Aircraft Radio Transmitting Equipment 

















MANY ADDITIONAL 
HOURS OF LIFE 


BECAUSE OF EXCLUSIVE RCA DESIGN IMPROVEMENTS 


RCA engineering scores again—this time with manufacturing 
improvements which make it possible for the famous RCA. 
828 Beam Power Amplifier to deliver its 150 watts* with 
only 2.1 watts of driving power many hours longer thap 
heretofore. 

Chief among the improvements has been the incorporation 
of the RCA zirconium-coated molybdenum anode in this 
popular tube. Actual service tests over a long period have 
proved that this construction change increases the life of the 
tube several fold! 

Ordinarily, such a change might well warrant a substantial 
boost in the performance ratings of a tube—but not unde 
war conditions. Longer and still longer tube life now looms 
far more essential than high “peak” performance. Thus, 
always conservatively rated in line with RCA practice, the 
RCA-828 now comes to you with a safety factor several times 
greater than ever before—just as similar improvements in 
other RCA Transmitting Tube types have been reflected, not 
in spectacular rating increases, but in terms of making the 
tubes perform better and lasting longer at the ratings at which 

_ you are already accustomed to using them. 


RADIO CORPORATION OF AMERICA 
RCA Victor Division, Camden, N. J. 


RATINGS 


FILAMENT VOLTAGE, 10 VOLTS SCREEN VOLTAGE, 400 VOLTS, MAX.’ 
FILAMENT CURRENT, 3.25 AMPERES PLATE DISSIPATION, 70 WATTS, 
PLATE VOLTAGE, 1250 VOLTS, MAX.* MAX.* 
*CCS rating for class C telegraph service. 
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BEAM POWER 
AMPLIFIER 
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HOW TO MAKE YOUR TUBES LAST LONGER 


This valuable booklet, based on RCA Transmit- 
ting Tube advertising of the past year, contains 
dozens of helpful tips on getting maximum life 
from your old tubes. Get your copy today ... free. 
Address: Radio Corporation of America, Com- | 
mercial Engineering Section, Harrison, N. J. 






TRANSMITTING TUBES 


COMMUNICATION’'S MOST EXACTING APPLICATIONS 
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FREQUENCY MODULATION 
[Continued from page 22] 


the plafe resistance of a vacuum tube, 
as in Fig. 24, phase modulation can be 
produced. 

From first observation of Fig. 23-B, 
it would seem that considerable dis- 
tortion would be produced by this cir- 
cuit, due to the non-linearity of the 
phase-shift curve. However, the plate 
resistance vs. grid voltage of the modu- 
lating tube also has a similar charac- 
teristic which can be made to cancel 
the phase-shift characteristic over a 
considerable portion of the curve. 
Maximum cancellation can be obtained 
by adjusting the bias of the resistance 
modulator tube for lowest distortion. 
In Fig. 24, L1 and Cl form the tuned 
circuit resonant at \/2 times f, the 
input frequency, while L2 is a decoup- 
ling choke. 

Phase-modulation generators have as 
their principal disadvantage over fre- 
quency-modulation generators the fact 
that only small deviations in phase, 
and consequently small deviations in 
frequency, can be produced before con- 
siderable distortion is introduced. 
This means that in order to obtain ade- 
quate deviation the phase-modulation 
generator must be operated at a rela- 
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tively low frequency in order that after 
multiplication to the operating fre- 
quency the deviation is of a suitable 
value. 

Although the phase-modulation gen- 
erators produce an entirely different 
type of signal than the frequency- 
modulation generators, they can be 
used interchangeably by proper treat- 
ment of the audio circuits. For ex- 
ample, commercial frequency-modula- 


tion broadcast stations produce fre 
quency modulation up to about 160 
cycles and phase modulation for the 
higher modulation frequencies. If, 
then, we have a_ frequency-modula 
tion generator, we must make the audio 
response flat up to about 1600 cycles 
and then increase 6 decibels per octave 
throughout the remainder of the audio 
spectrum, producing phase modulation 

[Continued on page 52] 
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CURVE 1. Linear taper. Has uniform resistance 
change from either end. Used as a voltage 
divider, will dissipate 1 Watt through total 
resistance, 2 Watt through half the total 
resistance, etc. 


CURVE 2. Right hand log taper used as “C” 
bias rheostat or in cases where only right 
and center terminals are used. 


CURVE 3. Tapered at both ends. Used where 

a very slow resistance change from mini- 

’ mum volume end with smooth change from 

right end is required. Used as an antenna 

shunt and "C” bias of 1 or 2 tubes without 
bleeder current. 


CURVE 4. Slow resistance change from maxi- 
mum volume with a short taper from the 
left end for antenna shunt. With the same 
overall resistance as Curve 3, Curve 4 will 
carry much more current in the "C” bias 
circuit because of the more gradual resist- 
ance change from the right terminal end. 
Use where "'C” bias change gives the prin- 
ciple volume control effect. 


CURVE 6. A log curve with slow resistance 
change from the left end. Use as a straight 
antenna shunt without "C" bias connection; 
in audio grid or as a tone control. 


S CURVE A linear taper with uniform resist- 
ance change from either end but tapered 
at both ends. Will dissipate slightly less 
current than Curve l. 





Centralab’s 


Volume Control Tapers 


The resistance curve of a volume control 
is more important than the maximum 
resistance. Curves 1, 2 and 4 are drawn 
by measuring the resistance between the 
Right Terminal and the Variable 
Terminal and plotting values cor- 
responding to different shaft posi- 
tions. Curves S, 3 and 6 show the 
resistance between Left Terminal 
and Variable Terminal for different 
shaft positions. The chart reproduced 
here indicates the percent resistance 
change with rotation. 


PER CENT ROTATION CLOCKWISE 
ial al 








Always Specify Centralab 





Division of Globe-Union Inc., Milwaukee, Wisconsin 
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THIS MONTH 








ZIEGLER APPOINTED W.P.B, 
ADVISOR 


John M. Ziegler, Crystal Products 
Company, Kansas City, Missouri, has 
been appointed to the National Quartz 
Crystal Industries Advisory Commit- 
tee. Mr. Ziegler has, for some time, 





been a member of the Crystal Stand- 
ardization Committee. A pioneer in the 
crystal field and a former member of 
the RCA Research Laboratories for 
crystals, Mr. Ziegler taught the first 
Piezo Electrical Application Courses 
through the Government Engineering 
Science, Management, War Training 
Program sponsored by the University 
of Kansas. 
° * 
RMA TRANSMITTER ORGANIZATION 
Further organization of the RMA 


Transmitter Division, of which Mr. G. 
W. Henyan of Schenectady is chair- 
man, has been effected. Five product 
sections of the Division are being or- 
ganized and activities planned to in- 
clude RMA members manufacturing 
transmitting and related products. 

Following are product _ sections 
which have been organized with their 
respective chairman: Broadcast Trans- 
mitters—Mr. C. W. Miller, Baltimore, 
Md.; Emergency Service Communica- 
tion Equipment—Mr. F. A. Gunther, 
Long Island City; Aircraft and Ma- 
rine Equipment—Mr. J. W. Hammond, 
Baltimore, Md.; and _ Piezo-electric 
Quartz Crystalsk—Mr. G. E. Wright, 
trie, Pa. Organization of a fifth prod- 
uct section of radio transmitter tubes, 
with the chairman to be named later, 
also has been arranged. 

* 
ELECTRONICS MANPOWER 
COMMITTEE 

An “Electronics Manpower Advisory 
Committee,” with representatives of 
management and labor, has been organ- 
ized to operate under WPB Radio and 
Radar Division, ANEPA, and_ the 
Navy Radio Division of the Bureau of 
Ships. It will study and make recom- 
mendations regarding all manpower 
problems of electronics manufacturers 
in war production, and has formed a 
“task” committee for vital studies. 


RUSSELL AND WIOT JOIN HALLICRAFTERS 





R. W. Durst (left), partner in Hallicrafters Co., has announced the appointment of 
R. L. Russell (center) as administrative assistant, and Cletus Wiot (right) as man- 
ager of Government Contract Section. 
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“OLD COW HANDS” IN ARIZONA 





The ‘‘old cow hand” on the left is 
Thomas A, White, Vice President and 
Sales Manager of Jensen Manufacturing 
Co., Chicago; the one riding the fence 
is president of the Chicago advertising 
agency bearing his name. Both fellows 
are Arizona ranch veterans having spent 
their vacations there for several years, 


Members of the committee repre- 
senting management are: L. B. Mor 
ris, RCA Manufacturing _ Company, 
Inc., Chairman; J. D. Washbum, 
Sprague Specialties Co., North Adams, 
Mass., and W. K. Wiggins, Westem 
Electric Co., Chicago, IIl. 

Members representing labor are: 
Harold Sharpe and James J. Conroy, 
United Electric, Radio and Machine 
Workers of America, C.I.O., and Law 
son B. Wimberly, International Broth 
erhood of Electrical Workers, A.F.L. 

* 


POST-WAR PRIORITY PLAN FOR RCA 
THEATER PRODUCTS 


The first plan within the industry 
designed to meet the post-war demant 
for theater and sound projection equip 
ment was announced recently by RCA 

Known as the “Purchase Priority 
Plan,” it offers to forward-looking & 
hibitors the opportunity to apply now 
for post-war deliveries of RCA sounl 
and other theater equipment the mami 
facture of which has been halted 
the war. 

In brief, the plan provides, first, 
preferred position for a theater ownetl 

[Continued on page 54] 
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Official U. S. Navy Photo 





When our Battle Force has an important job to do, out go the 
“Flat-tops”. Aboard these carriers RACON Speakers carry 
commands to the entire crew. RACONS are on the ‘island’ 
which is the battle control center—and all through the ship’s 
innards. For big jobs, where thousands of lives are at stake— 
upon which even Victory itself might depend—our Navy 
relies on aircraft carriers and RACONS, Both are efficient and 
dependable. 





The entire war is not carried on at sea, nor are RACONS to 
be found only on carriers. RACONS are used on all types of 
Navy, Coast Guard and Maritime Commission ships—also by 
the Air Foree and Army, in War Plants and Training Bases. 


Wherever there is need for dependable public address and 
sound distribution systems RACONS are in the forefront. 
There is a RACON for every conceivable application. Our 
production facilities can meet your requirements. Write to 
us today. Ask for our latest, free catalog. 


RACON ELECTRIC CO., 52 East 19th St., New York, N. Y. 
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MARINE HORN 
SPEAKER 







RE-ENTRANT 
TRUMPETS 


Here are but two of the many RACON Speakers. The 
Marine Horn Speaker (used on the ‘‘Flat-tops’’ illus- 















trated) is of the re-entrant type, for marine and general 
p-a applications. Available in several sizes, from 5 to 
50 watts, they may be used as loudspeaker or as 
microphone. (Approved by the Bur. of Marine In- 
spection, Dep’t of Commerce.) RACON Re-entrant 
Trumpets occupy small space but afford a long 
horn that carries highly concentrated sound 
efficiently over long distances. Several 
sizes available. Send for the new 
RACON Catalog. 
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NEW PRODUCTS 











“PLUG-IN” TYPE DRY ELECTROLYTICS 


The Sprague “Plug-In” type of Dry 
Electrolytic Condenser is recommended 
for the elimination of low frequency 
ripple (2—100 cycles). This modern 
type of condenser can be sealed as well 
as any condenser. It can be easily 
mounted or removed. It is regarded as 
so reliable—able to take abuse and de- 
liver long life, that the manufacturer 
considers it entirely practical to solder 
or weld it into units. 

Its basic qualities of small size and 
light weight are further enhanced by 
the fact that they perform uniformly 
up to the very last volt on the rating, 
and will take repeated surges even 
higher. Underloads likewise are no 
problem. 

Special emphasis is placed on the 
ability of these “Plug-In” type dry 
electrolytic condensers to operate ef- 
ficiently under the most adverse tem- 





climatic conditions, 


and 
whether at extremely high or at normal 
levels. 


perature 


* 


LIGHTWEIGHT THYRATRON TUBE 


Designed for applications where 
weight and space must be considered, 
a new thyratron tube with both a con- 
trol and a shield grid for control ap- 
plications, has been announced by the 
tube division of the General Electric 
Electronics Dept., at Schenectady, N. 
Y. Designated as the GL-502, the new 
tube is a little over two and one-half 
inches long, weighs about two ounces, 
is inert-gas-filled and of all-metal con- 
struction. Applications for the new tube 
will be found in industrial welding and 
any general control equipment. 

The control characteristic is prac- 
tically independent of ambient tempera- 
ture over a wide range. Since the grid 


44 





current is low enough to permit the use 
of a high resistance in the grid cir- 
cuit, the new thyratron has high sen- 
sitivity characteristics. The grid-anode 
capacitance is low enough so that the 
new tube is relatively unaffected by 
line-voltage surges. It has a maximum 
peak inverse anode voltage rating of 
1300 volts, instantaneous current rating 
of 500 milliamperes, and an average 
current rating of 100 milliamperes. The 
cathode is quick heating and is rated 
at 6.3 volts, 0.6 ampere. 
* 
SHUTTER-TYPE PILOT LIGHT 


The Gothard Manufacturing Com- 
pany, 1300 N. Ninth Street, Spring- 
field, Illinois is now manufacturing a 
new Shutter Type Pilot Light which is 
particularly suited to aircraft, marine, 
signal and similar applications where 
various intensities of light are desired 
under constantly changing conditions. 
These new pilot lights permit a grada- 
tion of light from bright, through 
intermediate glows, to total dark with 
90° rotation of the Shutters. Known as 
the Gothard Model 430 (with faceted 
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jewel) and Model 431 (with plain 
jewel) these lights are available with 
Red, Green, Amber, Blue or Opal lens 
—also with polarized lens. 

Complete information, prices, ete 
are given in the recently published 
Gothard catalog, which also COvers 
other styles and models available for 
immediate shipment. A copy of the 
Gothard catalog may be obtained, with. 
out obligation by writing direct to the 
manufacturer. 

* 


SHALLCROSS MEGOHM DECADE Box 


The Shallcross No. 915-A Megohm 
Decade Box consists of ten 1.0 meg. 
ohm resistors, connected in series, 
mounted on steatite insulators, These 
accurate resistors are thoroughly im. 
pregnated so that the calibration is not 
affected by high humidity. Each re. 
sistor is capable of dissipating two 
watts; however, in work requiring 
closer tolerance the dissipation should 
be held to one watt per unit. The re. 





sistors have a standard accuracy of + 
0.05% at 74°F. 

This No. 915-A Megohm Decate 
Box is housed in a metal box, may be 
furnished completely shielded. The unit 
may be immersed in an oil bath, for 
work demanding extreme accuracies, 
increased dissipation or both. A maxt 
mum of 10,000 volts may be applied 
across the binding posts. 

Standard 2 and 4 dial resistance 
boxes may now be secured with all of 
the advantages of this new instrument 
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3g WANTED 


TEecHNICAL SPECIALISTS 
MEN & WOMEN 








The COLONIAL RADIO CORPORATION needs immediately, for 
WAR RADIO WORK, the following technically trained personnel: 


RADIO ENGINEERS 

PHYSICISTS — RADIO 
VACUUM-TUBE ENGINEER 
CALIBRATION TECHNICIAN 
MECHANICAL ENGINEERS 
ELECTRO-MECHANICAL ENGINEERS 
MECHANICAL DRAFISMEN 

TOOL DESIGNERS 

ENGINEERING SPECIFICATION WRITERS 
FIELD ENGINEERS — RADIO 

FIELD INSPECTORS — RADIO 
MODEL MAKERS 

TECHNICAL ASSISTANTS — RADIO 


These are NOT temporary positions. Satisfactory employees may 
expect PERMANENT employment. Qualified applicants, NOT NOW 
IN WAR WORK, should write, giving full history of education, experi- 
ence, and salary desired. 


COLONIAL (4) 


RADIO CORPORATION 


254 RANO ST. 
BUFFALO, N. Y. . 
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Much is rumored of the wonders of military radio and 
electronic devices presently in use on land and sea. Brief bits 
of description of the accomplishments of these secret weapons 
and the possibilities of their further application stimulate the 
imagination and inspire confidence in early victory in techni- 


cian and layman alike. 


JOHNSON “Viking” parts are finding preference in every- 
thing from the government trainee’s transmitter kit to the most 
secret electronic weapon. Whether it be a socket, insulator, 
plug, jack, inductor, condenser or similar item it is chosen by 
men who know radio and men who know radio know 
JOHNSON parts. The “VIKING” trademark is becoming 
synonymous with quality and advance design to thousands 
of newcomers as it has been for some time to the veterans. 
The engineer and newcomer alike will look to JOHNSON for 
release of wartime developments and for leadership in new 


products in a new world of peace and freedom. They won't 


be disappointed. 


Many parts can now be delivered more quickly than 
7 before. If it will help win the war please forward 


your inquiry. Catalog 967K available on request. 


JOHNSON 


a famous AaGMe in Radio 


Cwmir ANY 
Pf A m 1 «M Bee © UT A 
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ANTENNA CHARACTERISTICS 
[Continued from page 32] 


Although the foregoing treatment js 
by no means a complete procedure for 
adjusting various antennas to proper 
matching with their transmission lines, 
it is hoped that the conclusions to be 
drawn from this data will be of assist- 
ance in diagnosing and correcting an- 
tenna to transmission line mismatches, 

For those readers who wish to pur- 
sue the subject further, the following 
bibliography will be found of great 
help. 

BIBLIOGRAPHY 

BOOKS 

Frequency Modulation—Hund—Chapter 5, 
High-Frequency Measurements — Hund — 
Chapter 15. 

Radio Fundamentals—Ballou—Chapter 5, 
M ew Transmission—Slater — Chap- 
ter 1. 


PERIODICALS 

Antennas and Radiation (Bibliography)— 
Rettenmeyer—Radio, February & March, 
1943. 

An Ultra-High-Frequency ‘Antenna of 
Simple Construction—Brown & Epstein— 
Communications, July 1940. 

Dipoles and Reflectors; a Short Review— 
Goldman—Electronics, May 1940. 
Measurements in the U. H. F. Spectrum— 
Lewis—Electronics, April 1942. 





Q MEASUREMENTS 
[Continued from page 16] 


when the tuned circuit is mounted in 
the set. This is due to the presence of 
metal adjacent to the coil; hence we 
can estimate that when the set is given 
a temperature run, a certain degree of 
drift will be caused by a change in the 
physical dimensions of the metal, and 
also due to a variation of its surface 
resistance. This measurement would 
obviously be impossible with a standard 
Q meter, since leads from the Q meter 
to the tuned circuit in the set would 
render the readings meaningless. 

The final reading in the table is in- 
teresting as a demonstration of the 
close agreement between the frequency 
as measured by careful use of the ab- 
sorption-type Q meter, and the actual 
oscillating frequency. It serves to prove 
that the oscillator tube generates al- 
most no reactive component the magni- 
tude of which would depend on plate 
voltage. The measurements therefore 
predict a voltage-stable oscillator. 

A complete investigation of this sys- 
tem was made by the writer about five 
years ago, when faced with the prob- 
lem of ‘designing tunable receivers and 
transmitters of crystal accuracy in the 
u-h-f region. A stable and well-cali- 
brated oscillator was first built. A 
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standard circuit was then constructed 
from a 3-turn coil wound on a grooved 


ceramic form 34” in diameter, with a | 
special ceramic condenser built in as 


an integral part of the tuned circuit. 

The plate voltage of the calibrated 
oscillator was then made variable so as 
to adjust the grid current to an even 
yalue of 100 microamperes. The tuned 
circuit was then coupled in sufficiently 
to drive the grid current down varying 
amounts to check the effect of coup- 
ling coefficients on the accuracy of 
measurement. Coupling at this high Q 
yalue was found not to be very critical, 
and in all subsequent work a reduction 
of grid current of 10 percent, or down 
to 90 microamperes, was used as a 
standard. The type of coupling was 
then varied from pure capacitive to 
pure inductive, with no difference 
noted. When the unknown circuit is 
brought close to the oscillator coil, both 
forms of coupling are present if no 
screens are used, and this proved quite 
satisfactory. 

In other Q measurements based on 
taking points on the resonant curve, 


the 45-degree phase angle points were | 


taken 0.707 down from the peak. The 
Q is then obtained by taking the fre- 
quency difference between these points 


(Fig. 2) and dividing the resonant fre- | 


quency by this difference; that is Q = 
fo/f: — fo As a point of practical 


utility in using this system almost daily, | 


the points were actually taken half-way 
down the resonance curve, where it is 
steeper. The calculation is then made 
as though the 0.707 points were used 
and the resultant value divided by 0.59 


to give the correction for this condi- | 


tion. 

The Q of the standard circuit was 
measured in this manner. The con- 
denser was ground down so that its 
capacity provided a frequency of ex- 
actly 150,000 ke. It was then coupled 
into the oscillator to drive down the 
grid current from 100 ma to 90 pa; the 
oscillator then detuned until the grid 
current rose to 95 wa. The frequency 
was 150,185 ke. The oscillator was 
then tuned to the other side of reson- 
ance until the grid current was again 
95a, and the frequency was 149,815 
ke. Then by dividing the resonant fre- 
quency of 150,000 ke by the difference 
frequency of 370 ke the answer 405 
was obtained. But, since these points 
are the half-way-down points, the fig- 
ure 405 was divided by the correction 


factor of 0.59, giving as an answer the 
true O of 687. 


Check on Results 
The thought naturally arises as to 
how it may be proven that the Q of 
the circuit in the example given, is 
just below 700. The requirement of 
cross checking a new measurement in 
such a relatively undisciplined field is 
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SHALLCROSS ROTARY TAP SWITCHES 
USE SOLID SILVER CONTACTS, 
BECAUSE SOLID SILVER... 


1. Has the highest conductivity of materials available. - 


2. \s superior to silver-plating which wears off, re- 
sulting in high resistance contacts. 


3. Should it corrode the sulphide formed does not 
appreciably increase the contact resistance. 


Let Shallcross answer your switch problems 
Address Dept. C 28 


WHY “SHORTING” AND “NON-SHORTING” 
SWITCHES ? 


This is the shorting type. As the arm i 
is rotated from one position to an- 


other the adjacent contact points are soleil —— 
TTT 
“shorted” (bridged). lint 


4 This is the non-shorting type. As the 
arm is rotated from one position to 
another, the arm lifts up, and only 


one contact is touched at a time. 


ACCURATE RESISTORS—SWITCHES—SPECIAL EQUIPMENT AND 
SPECIAL MEASURING APPARATUS FOR PRODUCTION AND 
ROUTINE TESTING OF ELECTRICAL EQUIPMENT ON MILITARY AIR- 
CRAFT... SHIPS... VEHICLES... ARMAMENT... AND WEAPONS 


HALLCROSS MFG. CO. 


COLLINGDALE, PENNA. 
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necessary. Several methods were tried, 
but promoted such difficulties as to in- 
spire no confidence, until the following 
procedure was tried. 

A parallel tuned circuit has a dy- 
namic impedance which is the im- 
pedance of either the inductive leg or 
capacitive leg times the Q. In the u-h-f 
region, a coil is too small to permit an 
accurate measurement of its induct- 
ance, but the capacitor placed across 
the coil can be accurately measured. 

As an example, assume a practical 
case where the value of the shunt ca- 
pacitor is 19 pf and the distributed 


capacity 1 puf—a total of 20 pyf. A ca- 
pacitance of 1 ppf at 150 mc has an 
impedance of 1061 ohms, and if this 
value is divided by the total capacity 
of 20 ppf, the capacity leg is found to 
have an impedance of 53 ohms. Multi- 
plying this by the Q value of 687 turns 
up a dynamic impedance of 36,400 
ohms in round figures. 

If, now, a pure resistance of 36,400 
ohms is placed across the tuned circuit, 
the circuit losses will be doubled and 
the Q halved. This was done, and an- 
other measurement indicated a Q of 
348, just slightly more than half the 
























Net price $46.00. 


ACCURATE 
CALIBRATION | 


Use a Meissner Signal Cali- 
brator...the precision 
frequency standard 


THE ANSWER to calibrator checking of products 
used in the war effort. Provides accurate signals 
from 10 ke. to 60 me. for accurately checking 
calibration. Produces modulated and unmodu- 
lated signals every 10, 50 and 100 ke. Vernier 
control for adjusting to zero beat against WWV 
or other primary standard. Special Meissner 
Signal Calibrators can be ordered to provide 
100 ke. and 1000 ke. output. 

The Signal Calibrator is invaluable as a secondary : ; 
frequency standard for Crystal Manufacturers, Radio ery 
Laboratories and Government Inspectors. pohiegtet 


Entire unit, including 110 volt AC power supply, housed 
in 8°x8"x12” cabinet. Shipped complete with tubes. 


See your Meissner distributor, or 
write for complete catalog 


MT. CARMEL, ILLINOIS 
“PRECISION-BUILT PRODUCTS” 











APRIL, 





a 





original Q of 687—a very close agree. 
ment. By successive steps the regis, 
tance was lowered to provide Q values 
of one-third, one-quarter, etc., and at 
each step a close agreement was ob. 
tained. 

The pure resistance was obtained by 
rebuilding an IRC resistor of the 
made by depositing colloidal carbon op 
a glass thread, inserted in a ceramic 
tube or sleeve, with large cast-metal 
ends. A resistor of this type, and hay. 
ing a value of 25,000 ohms, was taken 
apart by melting off the cast-metal ends 
and removing the resistance element 
proper. Connections were made to this 
element by tightly winding about sey. 
en turns of No. 32 wire around each 
end, and soldering the turns complete. 
ly, to form sleeves. The loose ends of 
wire were snipped off, and the sleeves 
soldered directly across the circuit. Pre. 
vious to this, however, the resistor was 
placed across a bridge and enough car. 
bon scraped off to bring its value up 
to exactly 36,400 ohms. 

The addition of this resistor to the 
tuned circuit lowered the frequency by 
about 55 ke at 150,000 kc, a definite in. 
dication that the element was a very 
close approach to a pure resistance, 


Circuit Details 


A few points with regard to the de- 
sign of the Q-meter circuit shown in 
Fig. 3 are worth consideration. If the 
oscillator is condenser tuned, it is pref- 
erable to incorporate a vernier con- 
denser for the purpose of precise meas- 
urement. It is also desirable to employ 
a voltage-regulated power supply, a 
VR-150 tube being quite satisfactory 
for this purpose. A switch is shown in 
the grid circuit of the oscillator tube. 
The grid-current meter M1 in position 
1 of the switch is necessarily an ex- 
pensive unit, with a well open scale, 
as high accuracy is required in the 
90- to 100-a region for precisely spot- 
ting the halfway point. 

Since meters of this type are difficult 
if not impossible to obtain these days, 
an alternative arrangement is incor- 
porated, with the switch in position 2. 
As we are dealing with changes in cur- 
rent rather than absolute values, it is 
quite feasable to employ a d-c amplifier 
used in conjunction with an inexpen- 
sive, l-mil meter, M2. The amplifier 
tube may be an 1852 run off a rather 
heavy bleeder, and from the same 
voltage-regulator tube used in com 
junction with the oscillator. The cath 
ode is biased up on the bleeder by 
about 4 volts, and the tap on the grid- 
leak extension resistor R adjusted to 
provide a reasonable meter reading. If 
a l-mil meter is used, the 1852 screen 
voltage must be pulled down to about 
50 volts. This meter, of course, will be 
driven up as the circuit under test is 
brought close to the oscillator. 
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The measurement technique in- 
volves four steps. Since the oscillator 
grid current will vary somewhat 
through the range of tuning, it 1s 
necessary to first couple the unknown 
circuit quite closely to the oscillator 
coil, and locate the point at which there 
ig a marked dip in grid current; or, if 
the d-c amplifier is used, when there is 
4 marked rise in the reading of meter 
M2, The tuned circuit under test 
should then be gradually withdrawn 
while the oscillator is slightly retuned, 
and this continued until only a ‘slight 
dip in grid current 1s registered. The 
resonant frequency of the circuit under 
test has then been ascertained. 

The circuit under test is then re- 
moved, and the oscillator plate voltage 
adjusted to pfovide, for the sake of 
convenience, some even value of meter 
reading. The tuned circuit is then re- 
introduced and the coupling altered un- 
til the meter reading is changed the 
desired amount; then the oscillator is 
detuned to one side of the resonant 
frequency of the circuit under test by 
an amount that halves the meter read- 
ing. Proceed from here as previously 
described. 

It will be found that at low values of 
Q, of the order of 50 or so, it will be 
necessary to couple in the test circuit 
so tightly as to affect the average grid- 
current for a considerable distance 
either side of resonance, and this must 
be allowed for. By taking a number 
of points besides those at halfway, it 
is possible to work out a correction 
factor, since this effect is a function of 
the oscillator Q and L-C ratio. 


Typical Q Measurements 


Some typical Q measurements at 150 
mc might be of interest. A 3-inch di- 
ameter loop of 4” copper tubing on 
a well-constructed 50-uuf variable con- 
denser gives a Q of 675. A 2-inch con- 
centric line was found to have a Q of 
1700. A 3-turn coil of No. 14 copper 
wire with a 34” inside diameter and 
a Centralab ceramic condenser con- 


nected across it, had a Q of 700. If a | 


hydrogen-iron core is inserted in the 
coil, the Q falls to 28; whereas a 
properly designed ferrous-oxide iron 
core provided a Q of 400 or so, depend- 
ing upon particle size, insulation, etc. 
A parallel-line copper rod or tube a 
quarter wave long, turned out to have 
aQ of a little over 1000. 

In taking some of these measure- 
ments, a curious condition was dis- 
covered. If a solid metallic core is in- 
serted in the coil for the purpose of 
tuning, the Q was found to be the same 
for all non-magnetic metals, regardless 
of their type. The losses in the best 
soft-annealed silver core gave a O of 
% when fully inserted in the coil, but 
so did brass, aluminum, zinc, or any 
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The dynamotor specially designed ‘to 


insure maximum efficiency at all operating 
altitudes and temperatures. \\\ 
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*COMPLETE DEPENDABILITY 
*PERFECT BALANCE 
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*LOW VOLTAGE REGULATION 
*COMPACTNESS and LIGHT WEIGHT 


...-And, whatever your power problem, 
Winco Engineers will be glad to help you 
solve it. This service is free and without obliga- 
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Wirnin our book of experience are con- 
tained the results of over twenty years in 
the electronics field. 

Today we are engaged entirely in the war 
. . . tomorrow we hope to devote that ex- 
perience to the handling of your difficult 
electronics needs. 


2233 W. ERIE ST., CHICAGO 
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usual metal tried. Nickel bearing alloys 
were much worse, of course, 

This effect is still being analyzed 
but as a guess it could be assumed that 
the short-circuited ring formed jn the 
core face has a depth of between on 
and two ten-thousandths of an inch fop 
high conductivity metals at these fre. 
quencies; but we know that the pene. 
tration of the current is deeper ag the 
resistance of the metal increases, $0 
apparently the increased cross section 
of the ring due to deeper penetration 
maintains the resistance at the same 
value for all non-magnetic metals, 

Incidentally, a dried raisin inserted 
in a coil at these frequencies will Joy. 
er the frequency about 150 ke, proving 
that the raisin contains iron . . . which 
should make the California raisin 
growers happy! 

The system described is believed to 
be quite reliable, as the results haye 
heen consistent over a long period of 
research, A bit of practice is required 
before the system can be _ handled 
smoothly, but that is true of any sys. 
tem providing precise measurement, 

It has the disadvantage over the 
standard type 6f Q meter in that direct 
readings cannot be obtained, but the 
added advantages to be derived from 
the meter over-ride this one drawback, 





COAXIAL LINES 


| Continued from page 19| 


ing in both directions we must have 
two of these traveling waves, one mov- 
ing toward the load and the other to 
ward the source. We will then find 
that the wave moving toward the load 
is in phase with a current, while the 
wave traveling back to the source is 
out of phase with its accompanying 
current wave. This allows one wave to 
carry power in one direction and the 
other in the opposite direction. 
This concept of voltage and current 
waves moving in opposite directions 
is not inconsistent with the mismatched 
cases shown in Fig. 2, since there we 
have plotted what would be the sum 
of the two traveling waves as a func 
tion of time when measured at the 
load. Each represents a_ sinusoidal 
variation with time and it is wel 
known that the sum of any two sift 
waves of the same frequency is a 
other sine wave regardless of phas 


angle relation.’, Fig. 3 shows how the 


voltage curve of Fig. 2 may actually 
be made up of two sinusoidal voltage 
curves. , 


A sin ot -+- B sin(ot + «) = Csi 

(ot + B); 2 ae 
where C = VA? + 2AB cos + B 
and B = sin’ (B/C sinc). 
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Voltage Distribution 


in Fig. 4A the two voltage waves 
traveling in opposite directions are 
shown. V¢ is the transmitted wave and 
/, is the wave reflected from the load. 
If we now think of the transmitted 
yoltage Wave as made up of two in- 
phase Waves, ] ts and V 44 (whose sum 
is V,) where Vt4 has the same ampli- 
ide as V;, We are in a position to see 
what the actual voltage distribution 
along the line is like for a mismatched 
case. In Fig. 4-B, are shown the three 
waves whose sum represents the actual 
voltage on the line. 

In Fig. 5 we have paired Vi, and 
V, of our now three traveling voltage 
waves and show their sum for suc- 
cessive times ¢,, ¢,, and t,. The sum, 
which we have called V,, is a so- 
called standing wave and is one which 
generates no voltage at all along the 
line at points such as L, M, N, etc. At 
intermediate points an alternating volt- 
age is obtained which is a maximum 
at points such as P, O, R, ete. 

In an actual mismatched line if we 
measure the voltage at points such as 
L, M, N, ete., of Fig. 5, we will find 
some voltage other than zero because 
of the traveling voltage wave V,,. 
This will be zero only if the reflected 
wave is equal to the transmitted wave. 
Perhaps such a case would be called a 
perfect mismatch. It would occur if 
the load end of the line were open 
or shortened. In general, however, as 
we measure voltage along a line we 
do find maximum r.m.s. voltages at 
points like P, O, Fk, and minimum volt- 
age at points like L, /, N. The ratio 
of these voltages is known as the volt- 
age standing-wave ratio. When it is 
unity, there is no standing wave, hence 
no reflected wave, and therefore a per- 
fect match with a maximum of power 
available at the load. The larger the 
ratio, the worse the mismatch and the 
less power is available at the load. 

The voltage standing-wave ratio is 
conveniently measured by making a 
slot lengthwise in the shield of the 
coaxial cable. A very small probe 
connected through a rectifier to a 
voltmeter is then inserted into the slot 
and moved along. Unless the s.w.r. is 
unity, two points of respectively max- 
imum and minimum reading will be 
found a quarter wavelength apart. The 
ratio of these two readings is the 
Sw.r, and its departure from unity is 
a measure of the mismatch in the sys- 
tem on the load side of the point where 
the measurement is made. 


Stub Support 


Strangely enough, the mismatched 
cases are in some places of great prac- 
tical importance. For example, when 
air is used around the center conduc- 


tor as a diclectric some method of sup- 
port must be found. The so-called 
stub support method represented in 
Fig. 6 is one possibility of practical 
importance. To understand its opera- 
tion let us examine what happens in 
lines one-half wavelength and one- 
quarter wavelength long which are 
shorted at the far end. The incident 
and reflected waves are equal in mag- 
nitude since we have perfect mismatch- 
ing. No voltage can ever appear at 
the shorted end so one node of our 
standing wave must be there. In the 
half-wavelength line there must be an- 
other node at the source end. Such a 


line can thus have no voltage im- 
pressed across its open end. With a 
quarter-wavelength line the situation 
is quite different. The unshorted end 
is then a point which will accept any 
voltage impressed on it but absorb no 
power. Thus the stubs built out from 
the side of a coaxial cable can, if they 
are the right length, give a support 
for the center conductor without af- 
fecting the action of the line at all. 
A given quarter-wave stub will, of 
course, be appropriate only for certain 
frequencies. 

At times the deliberate introduction 
of mismatch in a stub line can be used 
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Instant communication — fighter planes 
with bombers — cruisers with their con- 
voy — tanks with infantry And in the 
midst of it all — Radio Tubes — the heart 
ofcommunication Yes Ken-Radsare 
helping to decide the destiny of democ- 
racy in a big way Your dealer may 
not have a plentiful supply of Ken-Rad 
tubes now But our fighting forces 


have — and after victory.every one will 
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Engineered Right Built Right 






for Wartime Needs 


The engineering ability and careful construc- 
tion that advanced G. I. motors to foremost 
place in domestic and commercial fields are now available to 
manufacturers producing for Victory. General Industries’ facili- 
ties are devoted not only to building motors but also to a wide 
range of electronic devices that find application in the war effort. 
Do not hesitate to ask for the cooperation of G. I. engineers. 


THE GENERAL INDUSTRIES CO. 
——a ELYRIA, OHIO 









(COM MUNICATIONS are 

the of 
modern warfare. Where the 
battle is hottest today, there 
our radio broadcasting and 
receiving equipment is lead- 
ing the way to Victory, And 
there, on America’s far 
flung battle fronts, you'll 
find BUD Products 
in them just one 
reasons our Nerves 
are so steady today. 


CLEVELAND, 
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to correct inherent mismatch between 
the main line and the load. In a Senge 
it thus acts lke a transformer, le 
hig. 7 is shown how a stub of adjust. 
able length might in certain cages be 
used to match a load to a given line 
Let us assume for example that with 
the stub climinated a s.w.r, of § is 
obtained in the main line. This meang 
that the incident voltage wave to the 
load is only 1/5 larger than the te. 
flected wave. Now suppose we adjust 
the shorted stub line somewhere Over 
a half wavelength range but in gep. 
eral not precisely at a quarter or half 
wavelength, It will then accept a yol. 
age wave and return it after reflection 
in some changed phase. With proper 
adjustment this returned wave may be 
just out of phase with the reflected 
wave from the load. The resulting 
cancellation of the load reflection wi 
lower the s.w.r. in the main line and 
thus improve the match. 





FREQUENCY MODULATION 
[Continued from page 40] 


at the higher frequencies. Conversely, 
if we have a phase-modulation genera 
tor, the audio characteristic must drop 
off 6 decibels per octave up to about 
1000 cycles, being flat from there on, 
thus causing frequency modulation to 
be produced at the lower audio free 
quencies, 


R-F Amplifiers 








The r-f amplifiers which follow a 
frequency-modulation generator may) 
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unlike amplitude modulation, be of the) 
Class C variety. This is made possible} 
by the fact that no amplitude varias 
tions are present in a frequency-mod 



































Fig. 24. The circuit of Fig. 
23-A with plate resistance of 
a tube in place of resistance R. 





lated signal. In fact, it is desirable that} 
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the amplifers be of the Class C type, 
since they will then act as limiters, 
and remove undesirable amplitude- 
modulation which may 
have been produced. . 

The bandwidth of amplifiers follow- 
ing the frequency-modulation genera. 
tor must be given special considera- 
tion, especially when large deviations 
are employed. The situation is not, 
however, as critical as in the case of 
if amplifiers for the receivers, since 
the operating frequency for the trans 
mitter amplifiers is usually consider- 
ably higher. 

(Conclusion ) 
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TECHNICANA 
[Continued from page 10 | 


to sample surveys conducted by Com- 
mander E. F. McDonald, Jr., president 
of Zenith Radio Corporation. 
Commander McDonald wrote to the 
editors of a number of publications, 
large and small, in all parts of the 
country, pointing to the confusion that 
has risen from the use of two terms 
to mean exactly the same thing, namely 
the application of vacuum tubes in elec- 
trical circuits, not only for broadcast- 
ing and communications, but in tele- 
vision, radar, rectifiers, phonographs, 


APRIL, 


hearing aids, welding machines, smoke 
detectors, and other devices comprising 
this entire field. He outlined the deriva- 
tion of the two terms, and asked for 
opinions. Then he wrote to a number 
of physicists, college professors of 
physics, and deans of engineering 
schools, asking them the same question. 

Replies came from 68 editors and 202 
scientists. Of the editors, 56 preferred 
radionics, six were neutral, and six 
thought electronics the better word. 
Scientific opinion was not quite so one- 
sided; 131 preferred radionics, 57 elec 
tronics, and 14 were neutral. 

In general those who preferred elec 
tronics did so because they were more 
familiar with the word, because they 
felt that radionics might be restricted 
to radio alone, or because the function- 
ing of a tube is dependent on control of 
electrons. The opposing majority fa- 
vored radionics because they believed 
it would be more readily understood 
by the public, because of its precision 
and accurate connotation, and because 
it is a normal and logical growth of 
language. 

“Radionics is exact in its meaning,” 
wrote one editor, “while electronics 
suggests electrons, with which the 
public commonly associates the fun- 
damentals of matter and of atom 
smashing.” 
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Minor League 


Stuff Today 


Our force, the largest 
in our history is hitting 
the production ball at a 
.400 clip for Uncle Sam 
and our Allies, and every 
person in our employ is a 
‘Minute Man” in buying 
bonds. 


Yes, sir—we are in the 
“Big League”’ and we will 
continue lining them out 


until the scrap is over. 


Henry FORSTER 


President 


RADIO SPEAKERS 


INCORPORATED 


221 East Cullerton St. 
Chicago, Illinois 
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Every SECOND $ Counts 


* Astatic Multi-contact Plugs and 
Sockets and Co-axial Cable Connectors 
not only speed up the operation of con- 
necting and disconnecting electrical cir- 
cuits for military radio equipment but 
what is more important, they guarantee 
positive circuit contacts for uninterrupted 
radio communications. Government ap- 
proved, Astatic Plugs, Sockets and Con- 
nectors are highly praised by radio man- 
ufacturers for uniform quality and expert 
workmanship. 








IN CANADA: 
CANADIAN ASTATIC, LTD. 
TORONTO. ONTARIO 


THE ASTATIC CORPORATION 
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... for Radio Transmission Lines 


The VICTOR J. ANDREW CO., pioneer manufacturer 
of coaxial cables, is now in a position to take additional orders, in any 
quantity, for all sizes of ceramic insulated coaxial cables and accessories. 
The Andrew Co. engineering staff, specialists in all applications of coaxial 
cables and accessories, will be pleased to make recommendations to meet 


YOUNGSTOWN, OHIO 


AP COAXIAL CABLE 








(ae Se 





your particular requirements. 


“Attention!” 
if coaxial cables are your 
problem... write for new 
catalog showing complete 
line of coaxial cables and 
accessories. 
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—Fi 
VICTOR J. ANDREW co. 


363 East 75th Street, CHICAGO, ILLINOIS 
ANTENNA EQUIPMENT 








A noted scientist wrote, “We do no 
say electron-tube usually, but only 
radio-tube. The scientist can associate 
with radionics all that he finds in the 
words ‘electronics,’ whereas ‘radionicg 
will give to the people some idea of 
what is meant when they read or hear 
that name.” 

Another said: “I have spoken to sey. 
eral professors of languages and 


| chemistry. The general opinion is that 


‘electronics’ is well suited as a generic 


| term, especially in advanced studies jn 
| chemistry and physics. However, they 


all agree that radionics is a more 


| specific word to express clearly the 


exact meaning for the various applica. 
tions of electron emission. The students 
of my advanced course in electricity 
favor the use of the word radionics jp 
identifying the science of vacuum 
tubes and their circuit applications.” 

Other comments included: 

“Radionics is definitely descriptive of 
the action, the meaning of which the 
terms should convey, and for that rea- 
son above any other scientists should 
be inclined to adopt it.” 

“T have long felt that the term elec 
tronics is used in too general a conno- 
tation. Radionics appeals to me because 
it is so much more specific.” 

“The fields which make use of elec- 
trons in vacuum tubes belong to a re 
stricted division of the large subject 
of electron activity, but it is a wide 
field and rapidly growing, and it cer- 
tainly deserves a special name. Hence, 
I for one would favor the description, 
radionics.” 

“Certainly, radionics is a much better 
word than electronics. The word elec- 
tronics is a misnomer, while radionics 
is definite and exact.” 





THIS MONTH 
[Continued from page 42| 


on the “priority purchase” list; and 
second, a method of building up af 
interest-bearing cash reserve for the 
theater owner to apply against his post: 
war purchases. 

* 


CLAROSTAT OPENS SECOND PLANT 


As a further contribution to the wat 
production effort and especially with 


an eye to that six-months’ star for its 
| Army-Navy “E”, Clarostat Mfg. Co, 


Inc., Brooklyn, N. Y., announces the 
opening of its second plant in the same 
city. 

Clarostat Plant 2 provides greatel 
production floor space than that of the 


| original plant, and will be devoted e* 
| clusively to assemblies, while the orig: 


inal plant will be devoted to fabric 
tion of parts, windings, engineering 
and general offices. 
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ARMY-NAVY “E’”’ TO SOLAR 
The Solar Manufacturing Corpora- 
tion, Bayonne, N. J., has been awarded 
the Army-Navy “E” for its contribu- 


tion to excellence in the production of | 


war equipment. 


The presentation of the award was | 
held early in April at which time | 


prominent Army, Navy, State and civic 
oficials joined with the management 
and several thousand employees in ap- 
propriate ceremonies. 
* 
AEROVOX OPENS SECOND PLANT 
Again stepping up its production ca- 
pacity to meet the enormous war re- 
quirements for mica capacitors, Aero- 
yox Corporation of New Bedford, 
Mass., announces the opening of a 


plant in Taunton. This second plant, | 


with some 60,000 square feet of pro- 
duction space will be devoted exclusive- 
ly to mica capacitors. The enlarged 
mica production facilities will virtually 
double the Aerovox mica output which 
has been running well into the hun- 
dreds of thousands of units weekly. 
* 


“E” AWARD TO THERMADOR 


Thermador Electrical Manufacturing 
Company of Los Angeles was recently 
awarded the coveted Army-Navy “E” 
Flag, in impressive ceremonies con- 
ducted at the plant. 

Officiating were ranking officers of 
the Army and Navy and executives of 
the company. Chief Bandmaster Rudy 
Vallee led the Coast Guard Band at 
the raising of the American flag by 
the Navy Color Guard. 

* 
GARNER OPENS NEW PLANT 


Fred E. Garner Company of Chi- 
cago announces the opening of Plant 


No. 2 at 1100 West Washington Street, | 


Chicago. This new plant will be de- 
voted to manufacturing Frequency 
Meters, Test Equipment, Radio Tele- 
phones, Direction Finders, Silent and 
Sound Picture Projectors, and other 
Radionic Devices. 

The engineering staff will be located 
at the new plant at 1100 West Wash- 
ington Street—the general offices will 
remain at 43 E. Ohio Street, Chicago. 


* 
NEW KEN-RAD PLANTS UNDER WAY 


_Authorization of a contract with 
Ken-Rad Tube & Lamp Corporation, 
Owensboro, Ky., by the Defense Plant 
Corporation, Washington, for plant fa- 
cilities in Indiana and Kentucky to 
cost $1,300,000 has been announced by 
Roy Burlew, Ken-Rad’s president. This 
appropriation is allocated to the con- 
struction of a branch plant in Tell 
City, Indiana, and the installation of 
new equipment in the company’s 
Owensboro plants. Construction and 
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| is doing its part to win the war...and the 
peace that must surely follow. We play the important part of speeding 
the war effort by supplying emergency requirements of radio, sound 
and electronic parts to all branches of the armed forces as well as to 
manufacturers and sub-contractors. Lafayette is in there fighting to 
save you time by supplying all of your needs in one order—quickly! 


Now it is no longer necessary to comb the. field to find the 
various parts you need. Due to Lafayette’s extensive buying facilities 
and large, diversified stocks, one order (no matter how large or how 
small) will bring quick deliveries on all of your requirements. 










Free catalog—Radio, Sound 
and Electronic Parts—Dept. 4F3 


**Quick: Deliveries on Radio, Sound and Electronic Parts’ 


BRAKES 


(Illustrated) 
Di-Acro Brake forms non- 
stock angles, channels or 
“Vees”. Right or left hand 
operation. Folding width — 
Brake No. 1 — 6’. Brake No. 
2 — 12". Brake No. 3 — 18’. 


BENDERS 

Di-Acro Bender bends angle, 
channel, rod, tubing, wire, 
moulding, strip stock, etc. 
Capacity — Bender No. 1 — 
35", round cold rolled steel 
bar. Bender No. 2 — 4" cold 
rolled steel bar. 


SHEARS 


Di-Acro Shear squares and 
sizes material, cuts strips, 
makes slits or notches, trims 
duplicated stampings. Shear- 
ing width — Shear No. 1— 
6”. Shear No. 2 — 9". Shear 
No. 3 — 12”. 


ONEIL-IRWIN 
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SHE’S 
FIGHTING 
TOO! 


Making Parts Without Dies 


No delay waiting for dies—parts ready 
quicker—deliveries speeded up—all 
to bring the Victory sooner! Women are 
rapidly taking a major place on the industrial 
front. DI-ACRO Precision Machines—Shears, 
Brakes, Benders—are ideally suited for use 
by women in making duplicated parts accu- 
rate to .001” — DIE-LESS DUPLICATING. 
Thousands of DI-ACRO Machines are now 
in use in War plants. 








Send for Catalog 
“METAL DUPLICATING WITHOUT DIES” 
It’s an eye-opener on what you can 
do without dies, shows typical parts, 
and gives sizes and capacities of all 
models of Di-Acro Shears, Brakes, 
Benders. 








346 8th Avenue So., 
Minneapolis, Minn. 
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e Yes indeed, Aerovox paper tubularz 
Type ‘84 are thoroughly dependable. 
Millions of them are in daily use, 
establishing enviable service records. 


The non-inductive section is sealed in 
wax-impregnated paper tube with extra- 
generous wax-filled ends. Varnished 
colorful jacket labels make them look 
as good as they really are. Maximum 
protection against moisture. Adequate 
selection of voltages and capacitances. 





© See Our Jotber. nis 


Consult him regarding your wartime servicing 
or other capacitance requirements. Ask for 
copy of latest ‘‘Victory"’ catalog. Or write us 


"A EROVOX 


be 


In Canada: AEROVOX CANADA LTD., Hamilton, Ont. 


“EXPORT: 100 Varick St. N. Y.. Cable ‘ARLAB’ 
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installation work will begin soon, The 
Tell City plant is expected to employ 
1,500 persons. 

The Defense Plant Corporation’s au 
thorization follows closely upon a gov 
ernment appropriation of $915,000 for 
the Bowling Green, Ky., branch plant 
of the Ken-Rad Company, for which | 
materials for construction are now be | 





ing shipped. The Bowling Green plant 


will manufacture “radio and secret ord. | 
nanee equipment for the armed forces” 
and the Tell City plant will manufac 

ture materials for the Army Signal 


| ( ‘Orps. 








call at any time and as a matter of fact 


! each month. 


| keen knowledge of the radio parts in- 


. 


ViC MUCHER W.P.B. RESISTOR 
CONSULTANT 

Clarostat's Vie 
appointed a consultant to the Radio | 
and Radar Division of W.P.B. on the | 
dollar-a-year basis. 


Muecher has been | 


Ile is subject to 





spends several days in) Washington 
If there’s one thing Vic 
resistors, for he’s been 
brought up in a family that has spe 
cialized in this field for the past 22 
Vic also brings to W.P.B. a 


knows it’s 


vears, 








dustry generally, as well as a host of 
contacts, 


| 
EMBY CHANGES NAME | 


Kmby Products Company, Ine., an- 
nounces a change in name to Selenium | 


| Corporation of America, for the pur- | 


| pose of indicating the increased scope 
| of manufacturing activities. 


Located 
at 1800-1804 West Pico Boulevard, Los 
Angeles, the Company manufactures 
Emby Instrument and Relay Rectifiers, 
Emby Photo-Electric Cells and other 
related scientific products. 
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BOB HENRY APPOINTED TO U. S. NAVY BUREAU se 













































. WANTED !EET! 
1 sees 
a" 
a 
ee 
. PARTS 10 MAKE 
7 
e + | H 
r ih 
a . 
z One of our clients 
C strategically located in the b 
4 middle west, with excel- 4 
yi | lent shipping facilities, i 
- | has a plant now exclu- Y 
8 sively in war work oper- } 
~ ating at only 50% of ; 
0 capacity. They are be 
v) equipped to make elec- bs 
Cc tronic or radio parts, or E 
fa) any similar units. Their ¥ 
“ Bob Henry, distributor of communications receivers, has been appointed ability and references are 
wt to the Radio Procurement Division of Bureau of Ships, U. $. Navy. Bob unquestionably of the 
is shown during a recent visit to the Hallicrafters plant, having a talk with highest calibre. If you are by 
W. J. “Bill” Halligan. in need of their manufac- [ 
turing services, your in- te 
GC. E. APPOINTS ELECTRONICS geles; J. A. Setter, Denver; I. F. Con- | quiry will receive prompt Ni 
SPECIALISTS rad, St. Louis; A. D. Boardman, San | attention. iE 
To help industry with electronic ap- Francisco; L. B. Parsell, Detroit; L. H 
ue 00 plication problems, eighteen General R. Elder, Portland, Oregon; Frank C. | Address : He 
Electric industrial electronic specialists Neal, Jr., Dallas; R. H. Jackson, At- | Ss i 
at in G-E offices throughout the country lanta; K. H. Keller, Cleveland; R. C. | BURTON ate BROWNE he 
> have been appointed, according to an Norris, Cincinnati; A. M. Dawson, | ADVERTISING a 
announcement by J. KE. N. Hume, Com- Pittsburgh; B. Cogswell, Buffalo; L. F. | 150 EAST SUPERIOR STREET | 
7 ow mercial Vice President of the General Stone, Newark. | CHICAGO: DEL. 3800 i 
\ Electric Company. ‘These specialists “ NN y le 
will be responsible for all industrial | RE ENSUE IS R 
electronic applications in their territor- LAIRD NAMED OHMITE VICE- | . 
: ies. PRESIDENT | q 
The new General Electric industrial Roy S. Laird, Sales Manager of the | } 
electronic specialists include: I. C. Ohmite Manufacturing Company, Chi- | i 
Diefenderfer and D. C. Hierath, New cago, has been named Vice-President | j 
York City; J. I. Getz, Philadelphia; of the company. Laird will continue in | 3 
A. J. Moore, Boston; W. B. Frackel- charge of sales and will maintain as ; 
ton, Chicago; L. FE. Donahue, Los An- close contact as possible with Ohmite | CURRENTLY : 
" PRODUCING 
JK26 JK48 JACKS i 
4, 
|| FT243 CRYSTAL HOLDERS i 
| * 
c . ° ¢ 
DF | Radio and Electrical 
rl Assemblies 4 
a x * | 
~ | * 3 
me WRITE FOR 
The bomber must be built and the crew must be trained. INFORMATION 
in war plants and in training stations throughout America, * * i 
BOGEN CENTRALIZED SOUND SYSTEMS are helping to build * i 
; , - , ‘ 
the ships and train the men — expediting production, H 
locating vital men instantly, issuing orders and automatic | ELECTRONIC PRODUCTS { 
signals and alarms. May we tell you how? MFG. CORP. i 
j 7300 Huron River Drive + 
DAVID BOGEN CO., INC. DEXTER, MICHIGAN fi 
663 BROADWAY, & a 
‘nentlineait ee | 
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FOR QUARTZ CRYSTAL eee 
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14-inch 
Power 
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SAW 


Used by 
U.S. Gov't. 


Send for 
Literature to 
Covington Lapidary 

Engineering Co. 

Rediands. Cal 
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BURSTEIN-APPLEBEE CO. 


1012-14 McGee St. Kansas City, Mo. 
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customers in order to serve them well. 

The company today is engaged in 
producing Rheostats, Resistors, Chokes, 
Tap Switches, and Attenuators for war 
equipment and for industry. Every ef- 
fort is being made to meet the tre- 
mendously increased demands for Ohm- 
ite products. 
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EVANS NAMED GENERAL MANAGER 
OF TURNER 
Renald P. Evans of Cedar Rapids, 
Iowa, has just recently been elected a 
partner and made General Manager of 
the Turner Company of Cedar Rapids, 
pioneer manufacturers of microphones 
and electronic equipment. 





Prior to assuming duties as General 
Manager, Mr. Evans had been associ- 
ated in other businesses for the past 
eight years with David Turner, found- 
er and senior partner of the Turner 
Company, and John B. Turner, IT, also 
a partner of the company. Before that 
time, he was engaged in sales and serv- 
ice work of electronic equipment. This 
background, plus some legal and spe- 
cialized business training, will enable 
Mr. Evans to do a thorough manage- 
ment job with the Turner Company. 


INSTRUMENTS WANTED 


The Signal Corps, Aircraft Radio 
Laboratory, Wright Field, Dayton, 
Ohio, and associated critical war 
industries, have need of meters and 
test equipment for use in training 
programs. 


Write stating type, condition of 
equipment, and price desired to 


Director, Aircraft Radio 


Laboratory, 
WRIGHT FIELD . DAYTON, OHIO 
NT ATTAIN Se 


APRIL, 


In the article 


March 
Fig. 6 should be 4” rather than 1% 
to agree with the text and problem 
therein. 





CORRECTION 

“Transmission Lines 
pages 24.25 
the dimension “D” jp 


Circuit Elements,” 
issue, 
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GUARDIAN SIGNAL CORPS RELAYS 

Guardian Electric, 1615 West Wal. 
nut St., 
special 
relays made to Signal Corps specifica. 
tions, but having other wide applica. 
tions ; and their type 195 Midget Relay 
for such applications where space isa 
vital 
manufacturer. 


Chicago, Ill., have issued 4 
catalog sheet on three types of 


factor. Copies available from 
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FREQUENCIES IN 
MILITARY COM- 
MUNICATIONS 
ARE ACCURATELY 
CONTROLLED BY 
CRYSTALS 
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On this list of tubes which 
have recently joined the grow- 


ing legions of Hytron types 
already marching on to Vic- 
tory, you may find just the 
ones you want for your War 
equipments. Whether you 
choose the tiny “acorns” or 
the husky 1616 rectifier, you 
will discover the same high 
quality and design refine- 
ments which have made other 
Hytron tubes famous. If you 
place your orders well in 
advance, you will also be 
pleased by Hytron's on-sched- 
ule deliveries. Not too infre- 
quently, deliveries are made 
from stock, 





